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(57) Abstract: Cyclohexane and cyclohexene derivatives and pharmaceutically acceptable derivatives thereof useful in methods 
of treatment of bacterial infections in mammals, particularly man. A compound of formula (I) or a pharmaceutically acceptable 
derivative thereof: (I) R^ is an optionally substituted bicyclic carbocyclic or heterocyclic ring system of structure: containing 0-3 
hctcroatmoms in each ring in which: at least one of the rings (x) and (y) is aromatic; one of Z* and Z^ is C or N and the other 
IS C; Z3 is N, m}\ O, S(0)^, CO, CR^ or CR^R*"; Zl and Z2 arc indcndcnUy a 2 or 3 atom linker group each atom of which is 
independently selected from N, NR^^, O, S(0)x, CO, CR^ and CR*R^«; such that each ring is independently substituted with 0-3 
groups R^ and/or R^". R"* is a group -CH2-R^iin which R'l is selected from: (C4.8) alkyl; hydroxy (C4.8) alkyl; (Ci^)alkoxy (C4. 
8)alkyl; (Ci^) alkanoyloxy (C4.8) alkyl; (C3.8)cycloa]kyl (C4.8)alkyl;hydroxy-, (Ci.e) alkoxy- or (Ci^) alkanoyloxy-(C3.8)cycloalkyl 
(C4.8)alkyl; cyano(C4.8)alkyl; (C4-8)alkenyl; (C4.8)alkynyl; tetrahydrofuryl; mono- or di-(Ci.6)alkylamino (C4.8)alkyl; acylamino (C4- 
g)alkyl; C(i.6)a!kyl- or acyl-aminocarbonyl (C4.8) alkyl; mono- or di- (Ci.6)alkylamino(hydroxy) (C4.8)alkyl; or R'^ is a.group-U-R^z 
where R^2 an optionally substituted bicyclic carbocyclic or heterocyclic, ring systein (A): containing up to four hkeroatoms in . 
each ring in which at least one of rings (a) and (b) is aromatic; is C or N when part of an aromatic ring or CR*"^ when part of a 
non-aromatic ring. 
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Compounds 

This invention relates to novel compounds, compositions containing them and 
their use as antibacterials. 
5 WO099/37635, WOOO/21948, WOOO/21952, WOOO/43383, WOOO/78748, 

WOOl/07433, WOOl/07432, WO02/08224, WO02/24684, WO02/50040, WO02/56882, 
WO02/96907, PCT/EP02/05708, WO03010138, WOOl/25227 andWO0207572 disclose 
quinoline and naphthyridine derivatives having antibacterial activity. 

This invention provides a compound of formula (1) or a pharmaceutically 
10 acceptable derivative thereof : 




(D 

wherein: 



15 RV and are hydrogen or R^ and R^ together are a bond; 

rA is an optionally substituted bicyclic carbocyclic or heterocyclic ring system of 
structure: 




20 containing 0-3 heteroatoms in each ring m which: 
at least one of rings (x) and (y) is aromatic; 
one of and is C or N and the other is C; 
Z3 is N, NRl3, O, S(0)x, CO, CRI or crIrI^; 

ly and T} are independantly a 2 or 3 atom linker group each atom of which is 
25 independently selected from N, NR13, O, S(0)x, CO, CRI and CRIrI^; 

such that each ring is independently substituted with 0-3 groups r1 and^or RI^; 

r1 and R^^ are independently selected from hydrogen; hydroxy; (Ci^e) alkoxy optionally 
substituted by (Ci-6)alkoxy, amino, piperidyl, guanidino or amidino any of which is 
30 optionally N-substituted by one or two (Ci.6)alkyl, acyl or (Ci.6)aUcylsulphonyl groups, 
CONH2, hydroxy, (Ci.6)alkyhWo, heterocyclylthio, heterocyclyloxy, arylthio, aryloxy, 
acylthio, acyloxy or (Ci-6)alkyIsulphonyloxy; (Ci_6)alkoxy-substituted (Ci.6)alkyl; 
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hydroxy (Ci.6)alkyl; halogen; (Ci.6)alkyl; (Ci.6)alkylthio; trifluromethyl; 
trifluoromethoxy; cyano; carboxy; nitro; azido; acyl; acyloxy; acylthio; (Cj. 
6)alkylsulphonyl; (Ci.6)alkylsulphoxide; arylsulphonyl; arylsulphoxide or an amino, 
piperidyl, guanidino or amidino group optionally N-substituted by one or two {Ci,Q)2Sky\, 
5 acyl or (Ci.6)alkylsulphonyl groups, or when and the adjacent atom are CRI and 
CRI^ r1 and rI^ may together represent (Ci.2)alkyIenedioxy, 
provided that r1 and r1^ on the same carbon atom are not both optionally substituted 
hydroxy or amino; 

10 provided that 

(i) when R^ is optionally substituted quinolin-4-yl: 

it is unsubstituted in the 6-position; or 

it is substituted by at least one hydroxy (Ci.6)al]cyl, cyano or caiboxy group at the 
2-, 5-, 6-, 7- or 8-position; or 
15 it is substituted by at least one trifluoromethoxy group; or 

r3 is halogen; 

(ii) when R^ is optionally substituted quinazolm-4-yl, cinnolin-4-yl, l,5-naphthyridin-4- 
yl, l,7-naphthyridin-4-yl or l,8-naphthyridin"4-yl: 

it is substituted by at least one hydroxy (Ci.6)alkyl, cyano or caiboxy group at the 
20 2-, 5-, 6-, 7- or 8-position as available; or 

it is substituted by at least one trifluoromethoxy group; or 
r3 is halogen; 

r2 is hydrogen, or (Ci^)alkyl or (C2.4)alkenyl optionally substituted with 1 to 3 groups 

25 selected from: 

amino optionally substituted by one or two (Ci^)alkyl groups; carboxy; (Ci- 
4)alkoxycarbonyl; (Ci.4)alkylcarbonyl; (C2-4)alkenyloxycarbonyl; (C2. 
4)alkenylcarbonyl; aminocarbonyl wherein the amino group is optionally substituted by 
hydroxy, (Ci.4)alkyl, hydroxy(Ci.4)alkyl, aminocarbonyl(Ci^)alkyl, (C2-4)alkenyl, 

30 (Ci.4)alkylsulphonyl, trifluoromethylsulphonyl, (C2.4)alkenylsulphonyl, (Ci. 
4)alkoxycarbonyl, (CM)alkylcarbonyU (C2.4)alkenyloxycarbonyl or (C2- 
4)alkenylcarbonyl; cyano; tetrazolyl; 2-oxo-oxazoHdinyl optionally substituted by rIO; 3- 
hydroxy-3-cyclobutene-l ,2-dione-4-yl; 2,4-thiazolidinedione-5-yl; tetrazol-5- 
ylaminocarbonyl; l,2,4-triazol-5-yl optionally substituted by R^^; 5-oxo-l,2,4-oxadiazol- 

35 3-yl; halogen; (Ci.4)alkylthio; trifluoromethyl; hydroxy optionally substituted by (Cj. 
4)alkyl, (C2-4)alkenyl, (Ci.4)alkoxycarbonyl, (Ci.4)alkylcarbonyl, (C2- 
4)alkenyloxycarbonyl, (C2.4)alkenylcarbonyl; 0x0; (Ci.4)alkylsulphonyl; (C2- 
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4) alkenylsulphonyl; or (Ci.4)aminosulphonyl wherein the amino group is optionally 
substituted by (Ci-4)alkyl or (C2-4)alkenyl; 

is hydrogen; or 

5 when and RW are a bond, r3 is in the 2-, 3- or 4- position and when RV and RW are 
not a bond, r3 is in the 1-, 2-, 3- or 4-position and r3 is: 

caibox>r, (Ci.6)alkoxycarbonyl; aminocarbonyl wherein the amino group is optionally 
substituted by hydroxy, (Ci.6)alkyl, hydroxy(Ci.6)alkyl, aminocarbonyl(Ci.6)alkyl, (C2- 
6)alkenyl, (Ci.6)alkylsulphonyl, trifluoromethylsulphonyl, (C2-6)alk®nylsulphonyl, (Ci. 

10 6)alkoxycarbonyl, (Ci.6)alkylcarbonyl, (C2-6)alkenyloxycarbonyl or (C2- 

6)alkenylcarbonyl and optionally further substituted by (Ci.6)alkyl, hydroxy(Ci.6)alkyl, 
aminocarbonyl(Ci-6)alkyl or (C2.6)alk6nyl; cyano; tetrazolyl; 2-oxo-oxazohdinyl 
optionally substituted byR^O; 3-hydroxy-3-cyclobutene-l,2-dione-4-yl; 2,4- 
thiazolidinedione-5-yl; tetrazol-5-ylaminocarbonyl; l,2,4-triazol-5-yl optionally 

15 substituted by R^^; or 5-oxo-l,2,4-oxadiazol-3-yl; or 

(Ci-4)alkyl or ethenyl optionally substituted with any of the groups listed above for r3 
and^or 0 to 2 groups r12 independently selected from: 

haloger^ (Ci^)alkylthio; trifluoromethyl; (Ci«6)alkoxycarbonyl; (Ci. 
20 6)alkylcarbonyl; (C2.6)ancenyloxycarbonyl; (C2-6)alkenylcarbonyl; hydroxy optionally 
substituted by (Ci-6)alkyl, (C2-6)alkenyl, (Ci.6)alkoxycarbonyI, (Ci-6)alkylcarbonyl, 
(C2-6)alkenyloxycarbonyl, (C2-6)^l^^^^^yl^arbonyl or aminocarbonyl wherein the amino 
group is optionaUy substituted by (Ci.6)alkyl, (C2-6)alkenyl, (Ci.6)alkylcaibonyl or (C2- 

5) alkenylcarbonyl; amino optionally mono- or disubstituted by (Ci.6)alkoxycarbonyl, 
25 (Ci.6)alkylcarbonyl, (C2.6)alkenyloxycarbonyl, (C2-6)alkenylcarbonyl, (Ci.6)alkyl, 

(C2.6)alk«nyl, (Ci.6)alkylsulphonyl, (C2-6)alkenylsulphonyl or aminocarbonyl wherein 
the amino group is optionally substituted by (Ci.6)alkyl or (C2-6)alkenyl; aminocarbonyl 
wherein the amino group is optionally substituted by (Ci.6)alkyl, hydroxy(Ci.6)alkyl, 
aminocarbonyl(Ci.6)alkyl, (C2-6)alkenyl, (Ci.6)alkoxycaibonyl, (Ci.6)alkylcarbonyl, 
30 (C2-6)alkenyloxycarbonyl or (C2.6)alkenylcarbonyl and optionally further substituted by 
(Ci.6)alkyl, hydroxy(Ci-6)alkyl, aminocarbonyl(Ci.6)alkyl or (C2.6)alkenyl; 0x0; (Ci, 

6) alkylsulphonyl; (C2-6)alkenylsulphonyl; or (Ci.6)aininosulphonyl wherein the amino 
group is optionally substituted by (Ci.6)alkyl or (C2-6)alkenyl; or 

35 hydroxy optionally substituted by (Ci.6)alkyl, (C2-6)alkenyl, (Ci_6)alkoxycarbonyl, (Ci. 
6)alkylcarbonyl, (C2.6)alkenyloxycarbonyl, (C2.6)alkenylcarbonyl or aminocarbonyl 
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wherein the amino group is optionally substituted by (Ci.6)alkyl, (C2.6)alkenyl, (Ci. 
6)alkylcarbonyI or (C2-6)aUcenylcarbonyl; or 

amino optionally mono- or disubstituted by (Ci.6)alkoxycarbonyl, (Ci,6)alkylc2*rbonyl, 
5 (C2.6)alkenyloxycarbonyl, (C2-6)alkenylcarbonyl, (Ci-6)alkyl (C2-6)alkenyl, (Ci. 

5) alkylsulphonyl, (C2-6)alkenylsulphonyl or aminocarbonyl wherein the amino group is 
optionally substituted by (Ci.6)alkyl or (C2.6>ll^enyl; or 

halogen; 

10 

provided that when r3 is in the 4- position it is not optionally substituted hydroxyl or 
amino or halogen; 

in addition when is disubstituted with a hydroxy or amino containing substituent and a 
15 carboxy containing substituent these may optionally together form a cyclic ester or amide 
linkage, respectively; 

rIO is selected from (Ci»4)alkyl and (C2-4)alkenyl eiflier of which may be optionally 
substituted by a group r12 as defined above; carboxy; aminocarbonyl wherein the amino 
20 group is optionally substituted by hydroxy, (Ci.6)alkyl, (C2-6)alkenyl, (Ci. 

6) alkylsulphonyl, trifluoromethylsulphonyl, (C2-6)alkenylsulphonyl, (Ci, 
6)alkoxycarbonyl, (Ci.6)alkylcarbonyl, (C2-6)alkenyloxycarbonyl or (C2. 
6)alkenylcarbonyl and optionally further substituted by (Ci.6)alkyl or (C2-6)alkenyl; 
(Ci-6)alkylsulphonyl; trifluoromethylsulphonyl; (C2-6)aikenylsulphonyl; (Ci. 

25 6)alkoxycarbonyl; (Ci_6)alkylcarbonyl; (C2-6)alkenyloxycarbonyl; and (C2- 
6)alkenylcarbonyl; 

R^ is a group -CH2-R^ 1 in which R^ j is selected from: 

(C4-8)alkyl; hydroxy(C4.8)alkyl; (Ci.4)alkoxy(C4_8)alkyl; (Ci. 
30 4)alkanoyloxy(C4-8)alkyl; (C3.8)cycloalkyl(C4.8)alkyl; hydroxy-, (Ci.6)alkoxy- or (Ci. 
6)alkanoyloxy-(C3.8)cycloalkyl(C4.8)alkyl; cyano{C4.8)alkyl; (C4.8)alkenyl; (C4. 
8)alkynyl; tefrahydrofuiyl; mono- or di-( Ci.6)alkylammo(C4_8)alkyl; acylamino(C4. 
8)alkyl; (Ci.6)alkyl- or acyl-aminocarbonyl(C4.8)alkyl; mono- or di- (Ci. 
6)alkylamino(hydroxy) (C4.8)alkyl; or 

35 

r4 is a group -U-R52 where R^2 ^ optionally substituted bicyclic carbocyclic or 
heterocycUc ring system (A): 
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(a) I (b) 



(A> 

containing up to four heteroatoms in each ring in which 
at least one of rings (a) and (b) is aromatic; 

Xl is C or N when part of an aromatic ring or CRI^ when part of a non aromatic 

5 ring; 

X2 is N, NR13, O, S(0)x, CO or CR14 when part of an aromatic or non-aromatic 
ring or may in addition be CRI^rI 5 when part of a non aromatic ring; 
X3 and X^ are independently N or C; 

yl is a 0 to 4 atom linker group each atom of which is independently selected 
10 from N, NRI 3, 0, S(0)x, CO and CR^^ when part of an aromatic or non-aromatic ring or 

may additionally be CR^^RI ^ when part of a non aromatic ring, 

y2 is a 2 to 6 atom linker group, each atom of being independently selected 

from N, NR13, O, S(0)x, CO and CR^^ when part of an aromatic or non-aromatic ring or 

may additionally be CR14r15 when part of a non aromatic ring; 
15 each of rI^ and r15 is independently selected from: H; (Ci.4)alkylthio; halo; 

carboxy(Ci.4)alkyl; halo(Ci.4)alkoxy; halo(Ci.4)alkyl; (Ci.4)alkyl; (C2-4)alkenyl; (Ci. 

4)alkoxycarbonyl; formyl; (Ci.4)alkylcarbonyl; (C2.4)alkenyloxycarbonyl; (C2- 

4)alkenylcarbonyl; (Ci_4)alkylcarbonyloxy; (Ci.4)alkoxycaibonyl(Ci^)allqrl; hydroxy; 

hydroxy(Ci,4)alkyl; mercapto(Ci^)alkyl; (Ci-4)alkoxy; nitro; cyano; carboxy; amino or 
20 aminocarbonyl optionally substituted as for corresponding substituents in r3; (Ci_ 

4)alkylsu1phonyl; (C2-4)alkenylsulphonyl; or aminosulphonyl wherein the amino group is 

optionally substituted by (Ci.4)alkyl or (C2.4)alkenyl; aryl; aryl(Ci.4)alkyl; aryKCj. 

4)alkoxy; 

each r13 is independently H; trifluoromethyl; (Ci.4)alkyl optionally substituted 
25 by hydroxy, carboxy, (Ci.6)alkoxycarbonyl, (Ci.6)alkoxy, (Ci.6)alkylthio, halo or 

trifluoromethyl; (C2-4)alkenyl; aryl; aryl (Ci.4)alkyl; arylcarbonyl; heteroarylcarbonyl; 

(Ci.4)alkoxycarbonyl; (Ci.4)alkylcarbonyl; formyl; (Ci.6)alkylsulphonyl; or . 

aminocarbonyl wherein the amino group is optionally substituted by (Cj. 

4)alkoxycarbonyl, (Ci.4)alkylcarbonyl, (C2-4)alkenyloxycarbonyl, (C2- 
30 4)alkenylcarbonyl, (Ci.4)alkyl or (C2-.4)alkenyl and optionally further substituted by (Ci. 

4)alkyl or (C2-4)alkenyl; 

each X is independently 0, 1 or 2; 

UisC0,S02 orCH2;or 

35 r4 is a group -Xla-X2a-X3a-X4a in which: 
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XlaisCH2, CO or SO2; 
x2aisCRl4aRl5a; 

X3a is NRl3a q, S, SO2 or CRl4aRl5a. wherein: 

each of Rl4a Rl5a independently selected from the groups hsted above for 
5 r14 and r1 5, provided that R^^a and Rl^a on the same carbon atom are not both 
selected from optionally substituted hydroxy and optionally substituted amino; or 
Rl4a and R^^a together represent 0x0; 

Rl3ais hydrogen; trifluoromethyl; (Ci-6)alkyl; (C2-6)alkenyl; (Ci. 

6)alkoxycarbonyl; (Ci,6)alkylcarbonyl; or aminocarbonyl wherein the amino group is 
10 optionally substituted by (Ci.6)alkoxycarbonyl, (Cx»6)alkylcarbonyl, (C2- 

6)alkenyloxycarbonyl, (C2-6)alkenylcarbonyl, (Ci.6)alkyl or (C2-6)alk:enyl and 

optionally further substituted by (Ci_6)alkyl or (C2.6)alkenyl; or 

two Rl'^a groups or an group on adjacent atoms togettier 

represent a bond and the remaining Rl3a^ Rl4a and R^^^ groups are as above defined; or 
1 5 two Rl4a groups and two R^^a groups on adjacent atoms together represent 

bonds such that X^a and X^a is triple bonded; 

X^a is phenyl or C or N linked monocyclic aromatic 5- or 6-membered 

heterocycle containing up to four heteroatoms selected from O, S and N and: optionally 

C-substituted by up to three groups selected from (Ci-4)alkylthio; halo; carboxy(Ci« 
20 4)alkyl; halo(Ci.4)alkoxy; halo(Ci.4)alkyl; (Ci.4)alkyl; (C2-4)alkenyl; (Ci. 

4)alkoxycarbonyl; formyl; (Ci-4)alkylcarbonyl; (C2-4)alkenyloxycarbonyl; (C2- 

4)alkenylcarbonyl; (Ci.4)aIkylcarbonyloxy; (Ci_4)alkoxycarbonyl(Ci.4)alkyI; hydroxy; 

hydroxy(Ci-4)alkyl; mercapto(Ci.4)alkyl; (Ci„4)alkoxy; nitro; cyano; carboxy; amino or 

aminocarbonyl optionally substituted as for corresponding substituents in R^; (Ci_ 
25 4)alkylsulphonyl; (C2-4)alkenylsuIphonyl; or aminosulphonyl wherein the amino group is 

optionally substituted by (Ci.4)alkyl or (C2-4)alkenyl; aryl, aryl(Ci.4)alkyl or aiyl(Ci. 

4)alkox3r, and 

optionally N substituted by trifluoromethyl; (Ci.4)alkyl optionally substituted by 
hydroxy, (Ci.6)aIkoxy, (Ci.5)alkylthio, halo or trifluoromethyl; (C2-4)alkenyl; aryl; 
30 aryl(Ci-4)alkyl; (Ci.4)alkoxycarbonyl; (Ci.4)alkylcarbonyl; formyl; (Ci. 

6)aIkylsulphonyl; or aminocarbonyl wherein the amino group is optionally substituted by 
(Ci_4)alkoxycarbonyl, (Ci.4)alkylcarbonyl, (C2-4)alkenyloxycarbonyl, (C2- 
4)alkenylcarbonyl, (Ci_4)alkyl or (C2-4)alkenyl and optionally further substituted by (Ci^ 
4)alkyl or (C2.4)alkenyl; 

35 

n is 0 or 1 and AB isNR^CO, CONRH, CO-CR8r9, CR6r7-CO, 0-CR8r9, CR6r7- 
O , NHRl 1-CR8r9, CR6r7- NHRI 1, NR^ ISO2, CR6r7.S02 or CR6r7-cr8r9 
provided that when RV and RW are a bond and n=0, B is not NRI 1 , O or SO2, 
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or n is 0 and AB is NH-CO->ffl[ or NH-CO-0 and RV/RW are not a bond; 

or n is 0 and AB is CR6r7S02Nr2 CR6r7cONR2 or CR6r7cH2NR2 and RV/RW are 

not a bond; 

provided that r6 and r''', and R^ and r9 are not both optionally substituted hydroxy or 
5 amino; 

and wherein: 

each of r6, r7 , r8 andR^ is ind^endently selected from: H; (Ci.6)alkoxy; (Ci_ 
6)alkylthio; halo; trifluoromethyl; azido; (Ci.6)alkyl; (C2-6)alkenyl; (Ci. 
6)alkoxycarbonyl; (Ci.6)alkylcarbonyl; (C2-6)a^''kenyloxycarbonyl; (C2- 
10 5)alkenylcarbonyl; hydroxy, amino or anainocarbonyl optionally substituted as for 

corresponding substituents inR^; (Ci.6)alkyIsulphonyl; (C2.6)alkenylsulphonyl; or (Ci. 
6)aminosulphonyl wherein the amino group is optionally substituted by (Ci.6)alkyl or 
(C2-6)alkenyl; 

or r6 and R^ together represent a bond and r7 and R^ are as above defined; 

15 

and eachRll is independently H; trifluoromethyl; (Ci.6)alkyl; (C2.6)alkenyl; (Ci. 
6)alkoxycarbonyl; (Ci.6)alkylcarbonyl; or aminocarbonyl wherein the amino group is 
optionally substituted by (Ci_6)alkoxycarbonyl, (Ci.6)allq^lcarbonyl, (C2- 
6)alkenyloxycarbonyl, (C2.6)alkenylcarbonyl, (Ci^)alkyl or (C2.6)alkenyl and 
20 optionally further substituted by (C] -6)alkyl or (C2-6)alkenyl; 

or where one of R^ and R^, R^, R^ or R^ contains a carboxy group and the other contains 

a hydroxy or amino group they may together form a cyclic ester or amide linkage or 

where r3 contains a carboxy group and A or B is NH they may be condensed to fonn a 
25 cyclic amide. 

The invention also provides the use of a compound of formula (I) or a 

pharmaceutically acceptable derivative thereof in the manufacture of a medicament for 

use in the treatment of bacterial infections in mammals. 

The invention also provides a pharmaceutical composition, in particular for use in 
30 the treatment of bacterial infections in mammals, comprising a compound of formula (I), 

or a pharmaceutically acceptable derivative thereof, and a pharmaceutically acceptable 

carrier. 

The invention further provides a method of treatment of bacterial infections in 
mammals, particularly in man, which method comprises the administration to a mammal 
35 in need of such treatment of an effective amount of a a compound of formula (I), or a 
pharmaceutically acceptable derivative thereof. 
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Preferably is three atoms long. 
Preferably and Z^ are both carbon. 

Preferably Z^ is three atoms long with carbon joined to 7? and with r1 on the 
carbon atom joined to 7?. 
5 In one preferred aspect, rA is aromatic and ring (y) is fiised benzene. Preferably 

(x) is 6-membered containing one or two nitrogen atoms, the remainder being carbon. 
Most preferably 7? is nitrogen and the remainder are carbon or Z^ is =CH-CH=N- (N 
attached to Z^), 

In another preferred aspect, ring (y) is fused pyridin-4-yl 0- is three atoms long, 
10 the atom attached to 7? in Z2 is nitrogen and the remainder and Z^ and 7? are carbon), 
Zl is two or three atoms long and Z^ is a heteroatom such as O or S, 

Suitable examples of rings include optionally substituted isoquinolin-5-yl, 
quinolin-8-yl, thieno[3,2-b]pyridin-7-yl, 2,3-dihydro-[l,4]dioxino[2,3-b]pyridin-8-yl, 
quinoxalin-5-yl, isoquinolin-8-yl, [l,6]-naphthyridm-4-yl, l,2,3,4-tetrahydroquinoxalin-5- 
15 yl and 1 ,2-dihydroisoquinolme-8-yL Most preferably R^ is optionally 2-substituted- 
quinolin-8-yl or optionally 3-substituted-quinoxalin-5-yl. 

r13 in rings (x) and (y) is preferably H or (Ci.6)alkyl- 
When r1 or r1^ is substituted alkoxy it is preferably (C2-6)alkoxy substitituted 
by optionally N-substituted amino, or (Ci.6)alkoxy substituted by piperidyl. Suitable 
20 examples of r1 alkoxy include methoxy, trifluoromethoxy, n-propyloxy, i-butyloxy, 
aminoethyloxy, aminopropyloxy, aminobutyloxy, aminopentyloxy, guanidmopropyloxy, 
piperidin-4-yImethyloxy or 2-aminocarbonylprop-2-oxy. 

Preferably r1 and rI^ are independently hydrogen, (Ci.4)alkoxy, (Ci. 

4) alkylthio, (Ci.4)alkyl, amino(C3.5)alkyloxy, nitro, cyano, carboxy, hydroxymethyl or 
25 halogen; more preferably hydrogen, methoxy, methyl, cyano, halogen or amino(C3. 

5) alkyloxy. 

Ring rA is preferably substituted by one group r1 . Most preferably r1 is H, 
methoxy, meliiyl, cyano or halogen and R^ ^ is H. Halogen is preferably chloro or fluoro. 

r2 is preferably hydrogen; (Ci.4)alkyl substituted with carboxy, optionally 
30 substituted hydroxy, optionally substituted aminocarbonyl, optionally substituted amino 
or (Ci^)alkoxycarbonyl; or (C2-4)alkenyl substituted with (Ci.4)alkoxycarbonyl or 
carboxy. More preferred groups for r2 are hydrogen, carboxymethyl, hydroxyethyl, 
aminocarbonyhnethyl, ethoxycarbonyhnethyl, ethoxycarbonylallyl and carboxyallyl, most 
preferably hydrogen. 

35 Preferred examples of R^ include hydrogen; optionally substituted hydroxy; 

optionally substituted amino; halogen; (C1.4) alkyl; ethenyl; optionally substituted 1- 
hydroxy-(Ci-4) alkyl; optionally substituted aminocarbonyl; carboxy(Ci.4)alkyl; 
optionally substituted aminocarbonyl(Ci.4)alkyl; cyano(Ci.4)alkyl; optionally 
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substituted 2-oxo-oxazolidinyl and optionally substituted 2-oxo-oxazolidinyl(Ci.4alkyl). 
More preferred r3 groups are hydrogen; CONH2; 1-hydroxyalkyl e.g. CH2OH, 
CH(0H)CH2CN; CH2CO2H; CH2CONH2; -CONHCH2CONH2; 1,2-dihydroxyalkyl 
e.g. CH(0H)CH20H; CH2CN; 2-oxo-oxazolidin-5-yl; 2-oxo-oxazolidin-5-yl(Ci-4alkyl); 
5 optionally substituted hydroxy; optionally substituted amino; and halogen, in particxilar 
fluoro. Most preferably R3 is hydrogen, fluoro or hydroxy, aad if fluoro or hydroxy, most 
preferably substituted m the 1-or 3-position. r3 hydroxy in the 3-position preferably is 
trans to NR2r4 and has R stereochemistry or is cis to NR2r4 and has S stereochemistry. 

When r3 and R^, R'7, r8 or R^ together form a cyclic ester or amide linkage, it is 
1 0 preferred that the resulting ring is 5-7 membered. It is further preferred that the group A 
or B which does not form the ester or amide linkage is CH2. 

When A is CH(OH) the R-stereochemistry is preferred. 

Preferably A is NH, NCH3, CH2, CHOH, CH(NH2X C(Me)(OH) or CH(Me). 

Preferably B is CH2 or CO. 
15 Preferably n=0. 

Preferably, when R^ and RW are not a bond and n =1 or AB(CH2)n is NHCONH 
or NHCOO, AB(CH2)n and NR2r4 are cis. 

Preferably, when R"^ and R^ are not a bond and n=0 and AB is not NHCONH or 
NHCOO, AB(CH2)n and TSIR2r4 are trans. 
20 More preferably: 

n is 0 and either A and B are both CH2, A is CHOH, CH2 and B is CH2 or A is NH and 
Bis CO. 

Most preferably AB is NHCO. 

Preferably R^ 1 is hydrogen or (Ci.4)alkyl e.g. methyl, more preferably hydrogen. 
25 When r4 is CH2R5i, preferably R^i is (C6.8)alkyl. 

When r4 is a group .Xla-x2a-x3a.x4a: 
Xla is preferably CH2. 

X2a is preferably CH2 or together with X^a forms a CH=CH or OC group. 
X3a is preferably CH2, 0, S or NH, or together with X^a forms a CH=CH or OC 

30 group. 

Preferred linker groups -Xla-x2a.x3a- mclude -<CH2)2-0-, -(CH2)2-S-, -CH2- 
CH=CH-, -(CH2)3-,-(CH2)2"NH- or-CH2CONH-. 

Monocyclic aromatic heterocyclic groups for X^a include pyridyl, pyrazinyl, 
pyrimidinyl, triazolyl, tetrazolyl, thienyl, isoimidazolyl, thiazolyl, furanyl and imidazolyl, 
35 2H-pyridazone, lH-pyrid-2-one. Preferred aromatic heterocyclic groups include pyrid-2- 
yl, pyrid-3-yl, thiazole-2-yl, pyrimidin-2-yl, pyrimidin-5-yl and fur-2-yl. 
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Preferred substituents on heterocyclic X^a include halo especially fluoro, 
trifluoromethyl and nitro. 

Preferred substituents on phenyl X'*^ include halo, especially fluoro, nitro, cyano, 
trifluoromethyl, methyl, methoxycarbonyl and methylcarbonylamino. 
5 Preferably X^a is 2-pyridyl, 3-fluorophenyi, 3,5-difluorophenyl or thiazol-2-yl. 

Preferably r4 is -U-R52. 

The group -U- is preferably -CH2-. 

Preferably R^2 is an aromatic heterocyclic ring (A) having 8-1 1 ring atoms 
including 2-4 heteroatoms of which at least one is N or NR13 in which preferably 
10 contams 2-3 heteroatoms, one of which is S and 1-2 are N, with one N bonded to X^. 

Alternatively and preferably the heterocycUc ring (A) has ring (a) aromatic 
selected from optionally substituted benzo and pyrido and ring (b) non-aromatic and 
has 3-5 atoms, more preferably 4 atoms, including a heteroatom bonded to X^ selected 
from 0, S or NR^^, where R^^ is other than hydrogen, and NHCO bonded via N to X^, 
15 or O bonded to X^. The ring (a) preferably contains aromatic nitrogen, and more 
preferably ring (a) is pyridine. Examples of rings (A) include optionally substituted: 

fa) and fb) aromatic 

lH-pyiTOlo[2,3-b]-pyridm-2-yl, lH-pyrrolo[3,2-b]-pyridin-2-yl, 3H-imida2;o[4,5-b]-pyrid- 
20 2-yl, 3H-quinazolin-4-one-2-yl, benzimidazol-2-yl, benzo[l,2,3]-thiadiazol-5-yl, 

benzo[l,2,5]-oxadiazol-5-yl, benzofur-2-yl, benzothiazol-2-yl, ben2o[b]thiophen-2-yl, 
benzoxazol-2-yl, chromen-4-one-3-yl, imidazo[l,2-a3pyridin-2-yl, imidazo-[l,2-a]- 
pyrimidin-2-yl, indol-2-yl, indol-6-yl, isoquinolin-3-yl, [l,8]-naphthyridine-3-yl, 
oxazolo[4,5-b]-pyridin-2-yl, quinolin-2-yl, quinolin-3-yl, quinoxalin-2-yl, indan-2-yl, 
25 naphthalen-2-yl, l,3-dioxo-isoindol-2yl, benzimidazol-2-yl, benzothiophen-2-yl, IH- 

benzotriazol-S-yl, lH-indol-5-yl, 3H-benzooxazol-2-one-6-yl, 3H-benzooxazol-2-thione- 
6-yl,.3H-benzothiazol-2-one-5-yl, 3H-quina2olin-4-one-2-yl, 3H-quinazolin-4-one-6-yl, 
4-oxo-4H-pyrido[l,2-a]pyrimidin-3-yl, benzo[l,2,3]thiadiazol-6-yl, 
benzo[l,2,5]thiadiazol-5-yl, benzo[l,4]oxazin-2-one-3-yl, benzothiazol-5-yl, 
30 benzothiazol-6-yl, cmnolin-3-yl, iraidazo[l,2-a]pyridazin-2-yl, imidazo[l,2-b]pyridazin- 
2-yl, pyrazolo[l,5-a]pyrazin-2-yl, pyrazolo[l,5-a]pyridin-2-yl, pyra2:olo[l,5-a]pyrimidin- 

6- yl, pyrazolo[5,l-c][l,2,4]triazin-3-yl, pyrido[l,2-a]pyrimdiii-4-one-2-yl, pyrido[i;2- 
a3pyrimidin-4-one-3-yl, quinazolin-2-yl, quinoxalin-6-yl, thiazolo[3,2-a]pyrimidin-5-one- 

7- yl, thiazolo[5,4-b]pyridin-2-yl, thieno[3,2-b]pyridin-6-yl, thiazolo[5,4-b]pyridin-6-yl, 4- 
35 oxo-4H-pyrido[ 1 ,2-a]pyrimidin-2-yl, 1 -0x0- 1 ,2-dihydro-isoquinolin-3-yl, thiazolo[4,5- 

b]pyridin-5-yl,.[l,2,3]thiadia2olo[5,4-b]pyridin-6-yl, 2H-isoquinolin-l-one-3-yl 
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fa^ is not! aromatic 

(2S>2,3-dihydro«lH-indol-2-yl, (2S)-2,3-dihydro-benzo[l,4]dioxine-2-yl, 3-(R,S>3,4- 
dihydro-2H-benzo[l,4]thia2in-3-yl, 3-(R)-2,3-dihyclro-[l,4]dioxino[2,3-b]pyridin-3-yl, 3- 
(S)-2,3-dihydro-[l,4]dioxiiio[2,3-b]pyridin-3-yl, 2,3-dihydro-benzo[l,4]dioxan-2-yl, 3- 
5 substituted-3H-quiriazolin-4-one-2-yl, 

fb'> is non aromatic 

l,l,3-trioxo-l,2,3,4-tetrahydro-l /^-ben2o[l,4] thiazin-6-yl, beiizo[l,3]dioxol-5-yl, 4H- 
beiizo[l,4]oxazin-3"One-6-yl, 2,3-dihydro-benzo[l,4]dioxin-6-yl, 2-oxo-2,3-dihydro- 

10 benzooxazol-6-yl, 4H-benzo[l,4]oxazin-3-one-6-yl (3-oxo-3,4-dihydro-2H- 

benzo[ 1 ,4]oxazin-6-yl), 4H-benzo[ 1 ,4]thiazin-3-one-6-yl (3-oxo-3,4-dihydro-2H- 
benzo[l,4]thia2in-6-yl),4H-beiizo[l,4]oxazin-3-one-7-yl, 4-oxo-2,3,4,5-tetrahydro- 
benzo[b][l,4]thiazepine-7-yl, 5-oxo-23-dihydro~5H4hiazolo[3,2-a]pyriinidin-6-yl, 
benzo[l,3]dioxol-5-yl, 2-oxo-2,3-dihydro-lH-pyrido[2,3-b][l,4]thia2in-7-yl, 2-oxo-2,3- 

15 dihydro-lH-pyrido[3,4-b][l,4]tWazin-7-yl,3-oxo-3,4-dihydro-2H-pyrido[3 
b][l,4]thiazin-6-yl, 2,3-.dihydro-[l,4]dioxiiio[2,3-b]pyridin-6-yl, 2,3-dihydro- 
[l,4]dioxino[2,3-c]pyridin-7-yl, 2,3-dihydro-[l,4]dioxino[2,3-b]pyridin.7-yl, 6,7-dihydro- 
[l,4]dioxino[2,3-d]pyrimidin-2-yl, 3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]oxazin-6-yl, 
2-oxo-2,3-dihydro-lH.pyrido[3,4-b][l,4]oxazin-7-yl, 2-oxo-2,3-dihydro-lH-pyrido[2,3- 

20 b][l,4]oxazin-7-yl, 6-oxo-6,7-dihydro-5H-8-thia-l,2,5-triaza-naphthalen-3-yl, 3,4- 

dihydro-2H-beiizo[l,4]oxazin-6-yl, 3,4-dihydro-2H-benzo[l,4]thiazin-6-yl, 3-substituted- 
3H-benzooxazol-2-one-6-yl, 3-substituted-3H-benzooxa2ole-2-thione-6-yl, 3-substituted- 
3H-benzothiazol-2-one-6-yl, 2,3-dihydro-lH-pyrido[2,3-b][l,4]thiazin-7-yl, 3,4-dihydro- 
2H-benzo[l,4]thiazin-6-yl,3,4-dihydro-lH-quinolin-2-one-7-yI, 3,4-dihydro-lH- 

25 quuioxalin-2-one-7-yl, 6,7-dihydro-4H-pyrazolo[l,5-a]pyrimidin-5-one-2-yl, 5,6,7,8- 
tetrahydro-[l ,8]naphthyridin-2-yl, 2-oxo-3,4-dihydro-l//-[l,8]naphthyridin-6-yl, 3,4- 
dihydro-2H-pyrido[3,2-b][l,4]thiazin-6-yL 

r13 is preferably H if in ring (a) or in addition (Ci.4)alkyl such as methyl or 
isopropyl when in ring (b). More preferably, in ring (b) rI^ is H when NR^^ is bonded to 

30 X3 and (Ci^)alkyl when NR13 is bonded to X^. 

r14 and R^^ are preferably independently selected from hydrogen, halo, hydroxy, 
(Ci_4) alkyl, (Ci.4)alkoxy, trifluoromethoxy, nitro, cyano, aryl(Ci^)alkoxy and (Ci. 
4)alkylsulphonyL 

More preferably R^^ is hydrogen. 

35 More preferably each r14 is selected from hydrogen, chloro, fluoro, hydroxy, 

methyl, methoxy, trifluoromethoxy, benzyloxy, nitro, cyano and methylsulphonyl. Most 
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preferably r14 is selected from hydrogen, hydroxy, fluorine or nitro. Preferably 0-3 
groups RI"^ are substituents other than hydrogen. 

Most preferably R^^ and r15 are each H. 

Most preferred groups iii^l^de: 
5 [ 1 ,2,3]thiadiazolo [5,4-b]pyridin-6-yl 
lH-Pyrrolo[2,3-b]pyridin-2-yl 
2,3-Dihydro-[l,4]dioxmo[2,3-b]pyridni-6-yl 
2,3-Dihydro-[l,4]dioxmo[2,3-b]pyridin-7-yl 

2.3- Dihydro-[l,4]dioxino[2,3-c]pyridin-7-yl 
10 2,3-dihydro-benzo[l,4]dioxm-6-yl 

2-oxo-2,3-dihydro-lH-pyrido[2,3-b][l,4]oxazin-7-yl 

2- oxo-2,3-dihydro-lH-pyrido[2,3-b][l,4]thiazm-7-yl 

3.4- dihydro-2H-benzo[l,4]oxazin-6-yl 

3- Methyl-2-oxo-2,3-dihydro-benzooxazol-6-yl 
15 3-oxo-3,4-dihydro-2H-benzo[l,4]oxazm-6-yl 

3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]oxazm"6-yl 

3- oxo-3,4-dihydro-2H-benzo[l,4]thiazm-6-yl (4H-benzo[l,4] thiazin-3-one-6-yl) 

4- oxo-4H-pyrido[l,2-a]pyrimidin-2-yl 

6- nitro-benzo[l ,3]dioxol-5-yl 

20 7-fluoro-3-oxo-3,4-dihydro-2H-benzo[l,4] oxazin-6-yl 

8-Hydroxy-l-oxo-l,2-dihydro-isoqumolin-3-yl 

8-hydroxyquinolin-2-yl 

benzo[l,2,3]thiadiazol-5-yl 

benzo[ 1 ,2,5]thiadiazol-5-yl 
25 benzothiazol-5-yl 

thiazolo-[5,4-b]pyridin-6-yl 

3"Oxo-3,4-dihydro-2H-pyrido[3,2-&][l,4]thiazin-6-yl 

7- cWoro-3-oxo-3A<tihydro-2ff-pyrido[3,2-6][l,4]thiazin-6-yl 
7-fluoroO-oxo-3,4-dihydro-2/f-pyrido[3,2-6][l,4]thiazin-6-yl 

30 2-oxo-2,3-dihydro-l/?-pyrido[3,4-&][l,4]thiazin-7-yl 

especially 

3-oxo-'3,4-dihydro-2H-pyrido[3,2-b][l,4]oxazin-6-yl 
3-oxo-3,4-dihydro-2/7-pyrido[3,2-6][l,4]thiazin-6-yI 
35 7-chloro-3-oxo-3,4-dihydro-2^-pyrido[3,2-6][l,4]thiazin-6-yl 
7-fluoro-3-oxo-3Adihydro-2f^pyrido[3,2-6][l,4]thiazin-'6-yl 
2,3-dihydro-[l,4]dioxino[2,3-c]pyridin-7-yl. 
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When used herein, tiie term "alkyl" includes groups having straight and branched 
chains, for instance, methyl, ethyl, h-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t- 
butyl, pentyl and hexyl. The term 'alkenyl' should be interpreted accordingly. 
Halo or halogen includes fluoro, chloro, bromo and iodo. 

5 Haloalkyl moieties include 1-3 halograi atonas. 

Unless otherwise defined, the term "heterocyclic' as used herein includes aromatic 
and non-aromatic, single and fused, rings suitably containing up to four hetero-atoms in 
each ring selected from oxygen, nitrogen and sulphur, which rings may be unsubstituted 
or C-substituted by, for example, up to three groups selected from (Ci.4)aJkylthio; halo; 

10 caTboxy(Ci.4)alkyl; halo(CM)a]koxy; halo(Ci.4)alkyl; (Ci.4)alkyl; (C2-4)alkenyl; (Cj. 
4)alkoxycarbonyl; formyl; (Ci.4)alkylcarbonyl; (C2.4)alkenyloxycarbonyl; (C2. 
4)alkenylcarbonyl; (Ci.4)alkylcarbonyloxy; (Ci.4)alkoxycarbonyl(Ci^)alkyl; hydroxy; 
hydroxy(Ci.4)alkyl; mercapto(Ci^)alkyl; (Ci^)alkoxy; nitro; cyano; carboxy; amino or 
aminocarbonyl optionally substituted as for corresponding substihients in r3; (Cj. 

15 4)alkylsulphonyl; (C2.4)alkenylsulphonyl; or aminosulphonyl wherein the amino group is 
optionaUy substituted by (Ci^)alkyl or (C2-4)alkenyl; optionally substituted aryl, 
aryl(Ci.4)alkyl or aryl(Ci.4)alkoxy and 0x0 groups. Each heterocyclic ring suitably has 
from 4 to 7, preferably 5 or 6, ring atoms. A fused hetearocyclic ring system may include 
carbocyclic rings and need include only one heterocyclic ring. Compounds witiiin the 

20 invention containing a heterocyclyl group may occur in two or more tautometric forms 
depending on tiie nature of the heterocycl>i group'; all such tautomeric forms are included 
within the scope of the invention. 

Where an amino group forms part of a single or fused non-aromatic heterocycUc 
ring as defmed above suitable optional substituents in such substituted amino groups 

25 include H; taifluoromethyl; (Ci^)alkyl optionally substitiited by hydroxy, (Ci.6)alkoxy, 
(Ci.6)alkyltiuo, halo or tiifluoromethyl; (C2-4)alkenyl; aryl; aryl (Ci^)alkyl; (Ci- 
4)alkoxycarbonyl; (Ci.4)alkylcarbonyl; formyl; (Ci.6)alkylsulphonyl; or aminocarbonyl 
wherein the amino group is optionally substituted by (Ci.4)alkoxycaibonyl, (Ci. 
4)alkylcarbonyl, (C2-4)alkenyloxycarbonyl, (C2-4)alkenylcaibonyi, (Ci^)alkyl or (C2- 

30 4)alkenyl and optionally fiirfher substitiited by (Ci^)alkyl or (C2.4)alkenyl.. 

When used harein the term 'aryl', includes phenyl andnaphthyl, each optionally 
substituted with up to five, preferably up to tiiree, groins selected from(Ci.4)alkylthio; 
halo; carboxy(CM)alkyl; halo(Ci.4)alkoxy; halo(Ci.4)aIkyl; (Ci.4)alkyl; (C2. 
4)alkenyl; (Ci.4)alkoxycarbonyl; formyl; (Ci^)alkylcarbonyl; (C2- 

35 4)alkenyloxycarbonyl; (C2-4)alkenylcarbonyl; (Ci.4)aIkylcarbonylox)r, (Ci- 

4)alkoxycarbonyl(Ci.4)alkyl; hydroxy; hydroxy(Ci.4)aUcyl; mercapto(Ci.4)alkyl; (Ci. 
4)alkoxy, nitro; cyano, carboxy; amino or aminocarbonyl optionally substituted as for 
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corresponding substituents inR^; (Ci.4)alkylsulphonyl; (C2-4)alkenylsulphonyl; or 
aminosulphonyl wherein the amino group is optionally substituted by (Ci.4)alkyl or (C2- 
4)alkenyl; phenyl, phenyl(Ci.4)alkyl or phenyl(Ci.4)alkoxy. 

The tenn *acyr includes (Ci.6)alkoxycarbonyl, formyl or (Ci^g) alkylcarbonyl 

5 groups. 

Most preferred compounds of fonnula (T) are: 
(lR,3S,4R)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]ox^^^^ 
aminol-cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide t-4-[(2,3-Dihydro- 
[l,4]dioxino[2,3-c]pyridin-7-yhnethyl)-amino]-l-hydroxy-c-cycIohexanec^^ 
10 (2-melhyl-quinolin-8"yl)-amide(lR3S,4RH-[(2,3-Dihydro-[l,4]^^^ 

7-ylmethyl)-amino]-3-hydroxy-cyclohexanecarboxylic acid (2-cyano-'quinolin"8-yl)- 
amide 

t-4-[(2,3-Dihydro-[ 1 ,4]dioxino[2,3-c]pyridin"7-yhnethyl)-amino]-l -hydroxy-r- 

cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide 
15 t-4-[(2,3-Dihydro-[l,4]dioxino[23-c]pyridin-7-ybnethyl)-amino]4-hydroxy-r^ 

cyclohexanecarboxylic acid (3-methoxy-quinoxalin-5-yl)-amide 

or a pharmaceutically acceptable derivative thereof. 

Some of the compounds of this invention may be crystallised or recrystallised 

from solvents such as aqueous and organic solvents. In such cases solvates may be 
20 formed. This invention includes within its scope stoichiometric solvates including 

hydrates as well as compounds containing variable amounts of water that maybe 

produced by processes such as lyophilisation. 

Since the compounds of fonnula (I) are intended for use in pharmaceutical 

compositions it will readily be understood that they are each provided in substantially 
25 pure fom, for example at least 60% pure, more suitably at least 75% pure and preferably 

at least 85%, especially at least 98% pure (% are on a weight for weight basis). Impure 

preparations of the compounds may be used for preparing the more pure forms used in the 

pharmaceutical compositions; these less pure preparations of the compounds should 

contain at least 1%, more suitably at least 5% and preferably from 10 to 59% of a 
30 compound of the fomiula (I) or pharaiaceutically acceptable derivative thereof 

Pharmaceutically acceptable derivatives of the above-mentioned compounds of 

formula (I) include the free base form or their acid addition or quaternary ammonium 

salts, for example their salts with mineral acids e.g. hydrochloric, hydrobromic, sulphuric 

nitric or phosphoric acids, or organic acids, e.g. acetic, fumaric, succinic, maleic, citric, 
35 benzoic, p-toluenesulphonic, methanesulphonic, naphthalenesulphonic acid or tartaric 

acids. Compounds offormula (I) may also be prepared as the N-oxide. Compounds of 
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formula (I) having a free carboxy group may also be prepared as an in vivo hydrolysable 
ester. The invention extends to all such derivatives. 

Examples of suitable pharmaceutically acceptable in vivo hydrolysable ester- 
forming groups include those forming esters which break down readily in the human 
5 body to leave the parent acid or its salt. Suitable groups of this type include those of part 
formulae (i), (ii), (iii), (iv) and (v): 

— ch-o.co.r' 



•R-N<pj, (ii) 



— ch,-or' (Hi) 



I ^Q— CO— CH — 



CHOCO ^ 




(iv) 




(V) 



wherein is hydrogen, (Ci.g) alkyl, (C3.7) cycloalkyl, methyl, or phenyl, is 
(C1.6) alkyl, (C1.6) alkoxy, phenyl, benzyl, (C3.7) cycloalkyl, (C3.7) cycloalkyloxy, 
(C1.6) alkyl (C3.7) cycloalkyl, 1-amino (C1.6) alkyl, or l-(Ci.6 alkyi)amino (Ci-g) 

1 5 alkyl; or and R^ together form a 1 ,2-phenylene group optionally substituted by one or 
two methoxy groups; R'' represents (Ci_6) alkylene optionally substituted with a methyl 
or ethjd group and R^ and R^ independently represent (Ci-g) alkyl; Rf represents (Ci_6) 
alkyl; RS represents hydrogen or phenyl optionally substituted by up to three groups 
selected &om halogen, (Ci-g) alkyl, or (Ci-g) alkoxy; Q is oxygen or NH; R^ is 

20 hydrogen or (C1.6) alkyl; R* is hydrogen, (Ci.s) alkyl optionally substituted by halogen, 
(C2-6) alkenyl, (Ci-e) alkoxycarbonyl, aryl or heteroaryl; or Rh and Ri together form 
(Ci.g) alkylene; Rl represents hydrogen, (Ci-g) alkyl or (Ci.6) alkoxycarbonyl; and R^ 
represents (Ci-g) alkyl, (Ci-g) alkoxy, (C1.6) alkoxy(Ci.6)alkoxy or aryl. 
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Examples of suitable in vivo hydrolysable ester groups include, for example, 
acyloxy(Ci.6)alkyl groups such as acetoxymethyl, pivaloyloxymethyl, a-acetoxyethyl, 
a-pivaloyloxyethyl, l-(cyclohexylcarbonyloxy)prop-l-yl, and 

(l-aminoethyl)carbonyloxymethyl; (Ci_5)alkoxycaibonyloxy(Ci.6)alkyl groups, such as 
5 ethoxycarbonyloxymethyl, a-ethoxycarbonyloxyethyl and propoxycarbonyloxyethyl; 
di(Ci.6)alkyIammo(Ci.6)alkyl especially di(Ci.4)alkylaniino(Ci^)aIkyl groups such as 
dimethylaminomethyl, dimethylaminoethyl, diethylaminomethyl or diethylaminoethyl; 
2-((Ci-6)alkoxycarbonyl)-2-(C2.6)alk®^iy* groups such as 

2-(isobutoxycarbonyl)pent-2-enyl and 2-(ethoxycarbonyl)but-2-enyl; lactone groups such 
10 as phthalidyl and dimethoxyphthalidyl. 

A further suitable pharmaceutically acceptable in vivo hydrolysable ester-forming 
group is that of the formula: 



R is preferably hydrogen. 

Certain of the above-mentioned compounds of formula 00 may exist in the form 
of optical isomers, e.g. diastereoisomers and mixtures of isomers in all ratios, e.g. racemic 
mixtures. The invention includes all such forms, in particular the pure isomeric forms. 

20 For examples the invention includes compoimd in which an A-B group CH(0H)-CH2 is 
in either isomeric configuration the i?-isomer is preferred. The different isomeric forms 
may be separated or resolved one fi-om the other by conventional methods, or any given 
isomer may be obtained by conventional synthetic methods or by stereospecific or 
asymmetric syntheses.. 

25 In a further aspect of the invention there is provided a process for preparing 

compounds of formula (I), or a pharmaceutically acceptable derivative thereof, which 
process comprises reacting a compound of formula (IV) with a compound of formula (V): 




O 



15 



wherein r'^ is hydrogen, Cj-S alkyl or phenyl. 



X 




30 



(IV) 



(V) 
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wherein n is as defined in foraiula (I); Zl', T? , z3'r1' and r3' are zl , z2, 1>, r1 and r3 
as defined in formula (I) or groups convertible thereto; z4, Z^, RV and Rw are as defined 
in formula (I); 

q1 is NR2'r4' or a group convertible ttiereto wherein r2' and R^' are r2 and R'* as 
5 defined in formula (I) or groups convertible thereto and q2 is H or r3' or q1 and q2 
together form an optionally protected oxo group; 
and X and Y maybe the following combinations: 

(i) one of X and Y is C02Ry and tiie other is CH2C02R'^; 

(ii) X is CHR6r7 and Y is C(=0)r9; 
10 (iii) X is CR^^PRZs and Y is C(=0)r9; 

(iv) X is C(=0)R'7 and Y is CR9=PRZ3; 

(v) one of Y and X is COW and the other is NHRI 1', NCO or NRl I'COW; 

(vi) X is NHRl 1' and Y is C(=0)R8 or X is C(=0)R6 and Y is NHRI I'J 

(vii) X is NHRI 1 ' and Y is CR^R^W; 
15 (viii) XisWorOHandYisCH20H; 

(ix) X is NHRI 1' and Y is SO2W; 

(x) one of X and Y is (CH2)p-W and the other is (CH2)qNHRl ^\ (CH2)qOH, 
. (CH2)qSH or (CH2)qSC0RX where p+q=l; 

(xi) one of X and Y is OH and the other is -CH=N2; 
20 (xii) X is NCO and Y is OH or NH2; 

(xiii) X is Cr6r7s02W, A'COW, CR6=CH2 or oxirane and Y is NHR2'; 

(xiv) Xis W and Y is CONHRI 1 or OCONH2 

(xv) X is W and Y is -CsCH followed by hydrogenadon of the intermediate -CsC- 
group; 

25 in which W is a leaving group, e.g. halo, methanesulphonyloxy, 

trifluoromethanesulphonyloxy or imidazolyl; R'^ and RX are (Ci.6)alkyl; RZ is aryl or 
(Ci.6)alkyl; A* and NR^ 1' are A and NR^ ^ as defined in formula (I), or groups 
convertible thereto; and oxirane is: 



30 




wherein R^, r8 and R^ are as defined in formula Q; 
and thereafter optionally or as necessary converting q1 and q2 to NR2'r4'; converting A', 
zl', Z2', Z3', Rl'. r2', r3', r4' and NRI 1' to A. Z\ Z\ z3, r1, r2, r3, r4 and NRI 1'; 
convertmg A-B to other A-B, interconverting Rv RW, r1, r2, r3 and/or r4 and/or 
35 forming a pharmaceutically acceptable derivative thereof. 
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Process variant (i) initially produces compounds of formula CD wherein A-B is 
CO-CH2orCH2-CO. 

Process variant (ii) initially produces compounds of formula (I) wherein A-B is 

CR6r7-CR90H. 

5 Process variant (iii) and (iv) initially produce compounds of formula (J) wherein 

A-B is CR7-CR9. 

Process variant (v) initially produces compounds of formula 0) where A-B is CO- 
NRllorNRll-CO. 

Process variant (vi) initially produces compounds of formula (I) wherein A-B is 
10 NRI 1-CHR8. or CHR6-NHR1 1 . 

Process variant (vii) initially produces compounds of formula (I) wherein A-B is 
NR11-CR8r9 

Process variant (viii) initially produces compounds of formula (T) wherein A-B is 
O-CH2. 

15 Process variant (ix) initially produces compounds where AB is NRI ^802. 

Process variant (x) initially produces compounds of formula (I) wherein one of A 
and B is CH2 and the other i s NHRI 1 , O or S . 

Process variant (xi) initially produces compounds of formul a(I) wherein A-B is 
OCH2orCH20. 

20 Process variant (xii) initially produces compounds where AB is NH-CO-NH or 

NH-CO-O. 

Process variant (xiii) initially produces compounds where n is 0 and AB is 
CR6r7S02NR2, A»-C0NR2 or CR6r7cH2NR2. 

Process variant (xiv) produces compoimds where AB is NR^ ^CO or NH-CO-O. 
25 Process variant (xv) produces compounds where AB is -CH2CH2- or -CH=CH-. 

In process variants (v) and (xiii) (second variant) the reaction is a standard amide 
or urea fomiation reaction involving e.g. : 

!• Activation of a carboxylic acid (e.g. to an acid chloride, mixed anhydride, active ester, 
0-acyl-isourea or other species), and treatment with an amine (Ogliaruso, M.A.; Wolfe, 

30 J.F. in The Chemistry of Functional Groups (Ed, Patai, S.) Suppl B: The Chemistry of 
Acid Derivatives, Pt. 1 (John Wiley and Sons, 1979), pp 442-8; Beckwith, A.Li. in The 
Chemistry of Functional Groups (Ed. Patai, S.) Suppl B: The Chemistry of Amides (Ed. 
Zabricky, J,) (John Wiley and Sons, 1970), p 73 ff. The acid and amine are preferably 
reacted in the presence of an activating agent such as l-(dimethylaminopropyl)-3- 

35 ethylcarbodiimide hydrochloride (EDC) or 1-hydroxybenzotriazole (HOST) or 0-(7- 
azabenzotriazol-l-yl)-A^,A^,Ar',A^-tetramethyluroniumhexafluorophosphate (HATU); or 
2. The specific methods of: 
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a. in situ conversion of an acid into the amine component by a modified Curtius reaction 
procedure (Shioiri, T., Murata, M., Hamada, Y., Chem, Pharm. Bull 1987, 35, 2698) 

b. in situ conversion of the acid component into the acid chloride under neutral conditions 
(Villeneuve, G. B.; Chan, T. H., Tetrahedron. Lett. 1997, 38, 6489). 

5 A* may be, for example, protected hydroxymethylene. 

The process variant (xiii) (third variant) is a standard addition reaction using 
methods well known to those skilled in the art. The process is preferably carried out in a 
polar organic solvent e.g. acetonitrile in the presence of an organic base e.g. 
triethylamine. 

10 In process variant (xiii) (fourth variant) the couphng may be effected in 

acetonitrile at room temperature in the presence of one equivalent of lithium perchlorate 
as catalyst (general method of I.E. Chateauneuf aU J. Org, Chem,, 56, 5939-5942, 
1991) or more preferably with ytterbium triflate in dichloromethane. In some cases an 
elevated temperature such as 40 - 70 °C may be benel&cial. Alternatively, the compound 

15 of formula (V) may be treated with a base, such as one equivalent of butyl lithium, and 
the resulting salt reacted with the oxirane in an inert solvent such as tetrahydxofuran, 
preferably at an elevated temperature such as 80*^0. Use of a chiral epoxide will aflford 
single diastereomers. Alternatively, mixtures of diastereomers may be separated by 
preparative HPLC or by conventional resolution through crystallisation of salts formed 

20 fix)m chiral acids. 

The process variant (xii) is a standard urea or carbamate formation reaction from 
flie reaction of an isocyanate with an amine or alcohol and is conducted by methods well 
known to those skilled in the art (for example see March, J; Advanced Organic 
Chemistry, Edition 3 (John Wiley and Sons, 1 985), p802-3). The process is preferably 

25 carried out in a polar solvent such as N,N-dimethylformamide. 

In process variant (i) the process is two step: firstly a condensation using a base, 
preferably sodiimi hydride or alkoxide, sodamide, alkyl lithium or lithium dialkylamide, 
preferably in an aprotic solvent e.g. ether, THF or benzene; secondly, hydrolysis using an 
inorganic acid, preferably HCl in aqueous organic solvent at 0-lOO^C. Analogous routes 

30 are described in DE330945, EP31753, EP53964 and H. Sargent, J. Am. Chem. Soc. 68, 
2688-2692 (1946). Similar Claisen methodology is described in Soszko et. al., 
Pr.Kom.Mat. Przyr.Poznan.Tow.Przyj.Nauk., (1962), 10, 15. 

In process variant (ii) the reaction is carried out in the presence of a base, 
preferably organometallic or metal hydride e.g. NaH, lithium diisopropylamide or NaOEt, 

35 preferably in an aprotic solvent, preferably THF, ether or benzene at -78 to 25^C 
(analogous process in Gutswiller et al. (1978) J. Am. Chem. Soc. 100, 576). 
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In process variants (iii) and (iv) if a base is used it is preferably NaH, KH, an alkyl 
lithium e.g. BuLi, a metal alkoxide e.g. NaOEt, sodamide or lithium dialkylamide e.g.di- 
isopropylamide. An analogous method is described in US 3989691 and M,Gates et. al. 
(1970) J. Amer.Chem.Soc., 92, 205, as well as Taylor et al. (1972) JACS 94, 6218. 
5 In process variant (vi) the reaction is a standard reductive alkylation using, e.g., 

sodium borohydride or sodium triacetoxyborohydride (Gribble, G. W. in En<yclopedia of 
Reagents for Organic Synthesis (El PaqueUe, L A.) (John Wiley and Sons, 1995), p 
4649). 

The process variant (vii) is a standard alkylation reaction well known to those 

10 skilled in the art, for example where an alcohol or amine is treated with an alkyl halide in 
the presence of a base (for example see March, J; Advanced Organic Chemistry, Edition 3 
(John Wiley and Sons, 1985), p364-366 and p342-343). The process is preferably carried 
out in a polar solvent such as N,N-dimethylformamide 

In process variant (xiii) (first variant) the reaction is a standard sulphonamide 

15 formation reaction well known to those skilled in the art. This may be e.g. the reaction of 
a sulphonyl halide with an amine. 

In process variant (viii) where X is W such as halogen, methanesulphonyloxy or 
trifluoromethanesulphonyloxy, the hydroxy group in Y is preferably converted to an OM 
group where M is an alkali metal by treatment of an alcohol with a base. The base is 

20 preferably inorganic such as NaH, lithium diisopropylamide or sodium. Where X is OH, 
the hydroxy group in Y is activated under Mitsunobu conditions (Fletcher et.al. J Chem 
Soc. (1995), 623). Alternatively ttie X=0 and Y=CH20H groups can be reacted directly 
by activation with 1,3-dicyclohexylcarbodiimide (DCC) (Chem. Berichte 1962, 95, 2997 
or Angewante Chemie 1963 75, 377). 

25 In process variant (ix) the reaction is conducted in the presence of an organic 

base such as triethylamine or pyridine such as described by Fuhrman et.al., J. Amer. 
Chem. Soc; 67, 1245, 1945. The X-NRI^'SOiW or Y=S02W intermediates can be 
formed from the requisite amine e.g. by reaction with SO2CI2 analogously to the 
procedure described by the same authors Fuhrman etal., J. Amer, Chem. Soc; 67, 1245, 

30 1945. 

In process variant (x) where one of X and Y contains NHRI 1 the leaving group W 
is halogen and the reaction is a standard amine formation reaction such as direct 
alkylation described in (Malpass, J. R., in Comprehensive Organic Chemistiy, Vol. 2 (Ed. 
Sutherland, I. 0.), p 4 ff.) or aromatic nucleophilic displac^ent reactions (see references 
35 cited in Cornprehensive Organic Chemistry, Vol. 6, p 946-947 (reaction index); Smith, 
D. M. in Comprehensive Organic Chemistry, Vol. 4 (Ed. Sammes, P. G.) p 20 ff.). This 
is analogous to the methods described in GB 1 177849. 
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In process variant (x) where one of X and Y contains OH or SH, this is 
preferably converted to an OM or SM group where M is an alkali metal by treatment of an 
alcohol, thiol or thioacetate with a base. The base is preferably inorganic such as NaH, 
lithium diisopropylamide or sodium, or, for SH, metal alkoxide such as sodi\im 
5 mefhoxide. The XAT group containing the thioacetate SCOR^ is prepared by treatment of 
an alcohol or alkyl halide with thioacetic acid or a salt thereof under Mitsunobu 
conditions. The leaving group V is a halogen. The reaction may be carried out as 
described in Chapman etal., J. Chem Soc, (1956),1563, Gilligan et al., J. Med. Chem., 
(1992), 35, 4344, Aloup et aL, J. Med. Chem. (1987), 30, 24, Gihnan et al, J.A.C.S. 

10 (1949), 71, 3667 and Clinton et al, J.A.C.S. (1948), 70, 491, Barluenga et al, J. Org. 
Chem. (1987) 52, 5190. Alternatively where X is OH and Y is CH2V, V is a hydroxy 
group activated under Mitsunobu conditions (Fletcher et.al. J Chem Soc. (1995), 623). 

In process variant (xi) the reaction is as described in den Hertzog et. al, recl.Trav. 
Chim. Pays-Bas, (1950),69, 700. 

15 In process variant (xiv) the leaving group W is preferably chloro, bromo or 

trifluoromefhylsulphonyl and the reaction is the palladium catalysed process known as the 
"Buchwald" reaction (J. Yin and S. L. Buchwald, Org.Lett., 2000, 2, 1 101). 

In process variant (xv) coupling of the acetylene compound (V) with the 
compound (JST) is accompUshed using standard Pd-mediated chemistry, for example using 

20 Pd(Ph3P)2Cl2 as the catalyst along with the addition of Cul in a mixture of triethylamine 
and dimethylformamide. Hydrogenation of the intermediate -C=C- group is carried out 
conventionally over a suitable catalyst eg Pd/C, either partially to -CH=CH- or fully to - 
CH2-CH2-. 

Reduction of a carbonyl group A or B to CHOH can be readily accomplished 
25 using reducing agents well known to those skilled in the art, e.g. sodixmi borohydride in 
aqueous ethanol or lithium aluminiimi hydride in ethereal solution. This is analogous to 
methods described in EP53964, US384556 and J. Gutzwiller et al, J. Amer. Chem. Soc, 
1978. 100. 576. 

The carbonyl group A or B may be reduced to CH2 by treatment with a reducing 
30 agent such as hydrazine in ethylene glycol, at e.g. 130-160°C, in the presence of 
potassium hydroxide. 

Reaction of a carbonyl group A or B with an organometallic reagent yields a group 
where r6 or r8 is OH and R^ or R^ is alkyl 

A hydroxy group on A or B may be oxidised to a carbonyl group by oxidants well 
35 known to those skilled in the art, for example, manganese dioxide, pyridinium 
chlorochromate or pyridinium dichromate. 
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15 



20 



25 



A hydroxyalkyl A-B group CHR^CR^OH or CR7(0H)CHR9 may be dehydrated 
to give the group CRJ -CR^ by treatment with an acid anhydride such as acetic anhydride. 

Methods for conversion of CR'7=CR9 by reduction to CHR^CHR^ are well 
known to those skilled in the art, for example using hydrogenation over palladium on 
carbon as catalyst. Methods for conversion of CR7=CR9 to give the A-B group 
CR7(0H)CHR9 or CHR^CR^OH are well known to those skilled in the art for example 
by epoxidation and subsequent reduction by metal hydrides, hydration, hydroboration or 
oxymercuration. Where R^ and RW together represent a bond it will be ^predated that 
such conversions may be inappropriate. 

An amide carbonyl group may be reduced to the corresponding amine using a 
reducing agent such as lithium alununium hydride. 

A hydroxy group in A or B may be converted to azido by activation and 
displacement e.g. under Mitsunobu conditions using hydrazoic acid or by treatment with 
diphenylphosphorylazide and base, and the azido group in turn may be reduced to amino 
by hydrogenation. 

An example of a group q1 convertible to NR2 r4 is NR2'r4' or halogen. Halogen 
may be displaced by an amine HNR2'r4' by a conventional alkylation. 

When q1 q2 together form a protected oxo group this may be an acetal such as 
ethylenedioxy which can subsequently be removed by acid treatment to give a compound 
of formula (VI): 



AB(CH2)n 





(VI) 

wherein the variables are as described for formula (I) 

Jntermediates of formula (VI) are novel and as such form part of the invention. 

The ketone of formula (Vf) is reacted with an amine HNR^'r^' by conventional 
reductive alkylation as described above for process variant (x). 

Other novel intermediates of the invention are compounds of formula (VXT): 



AB(CH2), 



( (X) I (y) ) 




wherein the variables are as described for formula (I). 
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Examples of groups Zl*, 7? and T}\ are CRI' or CRI'rI^' where r1' andRl^' are 
groups convertible to r1 and rI^. tX, 7? and 7?\ are preferably Zl, Z^ and Z^,. 

r1 a', r1 ' and r2' are preferably r1 ^ R^ and r2, r2' is preferably hydrogen. R^* 
is r3 or more preferably hydrogen, vinyl, alkoxycarbonyl or carboxy. R^* is R"* or more 
5 preferably H or an N-protecting group such as t-butoxycarbonyl, benzyloxycarbonyl or 9- 
fluorenylmethyloxycarbonyl. 

Conversions of r1^', r1*, R^', r3* and R^' and interconversions of R^^ R1, R2, 
r3 and r4 are conventional. In compounds which contain an optionally substituted 
hydroxy group, suitable conventional hydroxy protecting groups which maybe removed 
10 without disrupting the remainder of the molecule include acyl and alkylsilyl groups. N 
protecting groups are removed by conventional methods. 

For example R^* methoxy is convertible to R^* hydroxy by treatment with lithium 
and diphenylphosphine (general method described in Ireland et. al (1973) 
J.Amer.Chem.Soc.,7829) or HBr, Alkylation of the hydroxy group with a suitable alkyl 
15 derivative bearing a leaving group such as halide and a protected amino, piperidyl, 
amidino or guanidino group or group convertible thereto, yields, after 
conversion/deprotection, alkoxy substituted by optionally N-substituted amino, 
piperidyl, guanidino or amidino. 

r3 alkenyl is convertible to hydroxyalkyl by hydroboration using a suitable 
20 reagent such as 9-borabicyclo[3.3.1]nonane, epoxidation and reduction or 
oxymercuration. 

R3 1,2-dihydroxy can be prepared from R^' alkenyl using osmium tetroxide or 
other reagents well known to those skilled in the art (see Advanced Organic Chemistry 
(E± March JO (John Wiley and Sons, 1985), p 732-737 and refs. cited therein) or 
25 epoxidation followed by hydrolysis (see Advanced Organic Chemistry (Ed. March, J.) 
(John Wiley and Sons, 1985), p 332,333 and refs. cited therein). 

r3 vinyl can be chain extended by standard homologation e.g by conversion to 
hydroxyethyl followed by oxidation to the aldehyde which is then subjected to a Wittig 
reaction. 

30 Opening an epoxide R^' group with cyanide anion yields a CH(0H)-CH2CN 

group. 

Opening an epoxide-containing R^* group with azide anion yields an azide 
derivative which can be reduced to the amine. Conversion of the amine to a carbamate is 
followed by ring closure with base to give the 2-oxo-oxazolidinyl containing R^ group. 
35 Substituents on r3 alkyl or alkenyl may be interconverted by conventional 

methods, for example hydroxy may be derivatised by esterification, acylation or 
etherification. Hydroxy groups may be converted to halogen, thiol, alkylthio, azido, 
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alkylcarbonyl, amino, aminocarbonyl, oxo, alkylsulphonyl, alkenylsulphonyl or 
aminosulphonyl by conversion to a leaving group and substitution by the required group, 
hydrolysis or oxidation as appropriate or reaction with an activated acid, isocyanate or 
alkoxyisocyanate. Primary and secondary hydroxy groups can be oxidised to an aldehyde 
5 or ketone respectively and alkyated with a suitable agent such as an organometallic 

reagent to give a secondary or tertiary alcohol as appropriate. A carboxylate group may be 
converted to an hydroxymefhyl group by reduction of an esta: of this acid with a suitable 
reducing agent such as lithium aluminium hydride. 

Substituted 2-oxo-oxazoHdinyl containing r3 groups may be prepared from the 

10 corresponding aldehyde by conventional reaction with a glycine anion equivalent, 

followed by cyclisation of the resulting amino alcohol (M Grauert et al, Ann Chem (1985) 
1817, Rozenberg et al, Angew Chem Int Ed Engl (1994) 33(1) 91). The resulting 2-0X0-- 
oxazolidinyl group contains a carboxy group which can be converted to other R^^ groups 
by standard procedures. 

1 5 Carboxy groups within may be prepared by Jones' oxidation of the 

corresponding alcohols CH2OH using chromic acid and sulphuric acid in water/methanol 
(E.R.H. Jones et al, J.C.S. 1946,39). Other oxidising agents may be used for this 
transformation such as sodium periodate catalysed by ruthenium trichloride (G.RTutwiler 
et al, J.Med.Chem., 1987, 30(6), 1094), chromium trioxide-pyridine (G. Just et al, Synth. 

20 Commun. 1979, P(7), 613), potassium permanganate (D.E.Reedich et al, J. Org. 

Chem., 1 985,50(1 9),3 53 5, and pyridinium chlorochromate p. Askin et al. Tetrahedron 
Letters, 1988, 29(3), 277. 

The carboxy group may alternatively be formed in a two stage process, with an 
initial oxidation of the alcohol to the corresponding aldehyde using for instance dimethyl 

25 sulphoxide activated with oxalyl chloride (N.Cohen et al, J. Am. Chem. Soc, 1983, 105, 
3661) or dicyclohexylcarbodiimide (R.M.Wengler, Angew. Chim. Int. Ed. Eng., 1985, 
24(2), 77), or oxidation with tetrapropylanmionium perruthenate (Ley et al, J. Chem.Soc. 
Chem Commun.,1987, 1625). The aldehyde may then be separately oxidised to the 
corresponding acid using oxidising agents such as silver (ET) oxide (R.Grigg et al, J. 

30 Chem. Soc. Perkinl,1983, 1929), potassium permanganate (AZurcher, Helv. Chim. 

Acta,, 1987, 70 (7), 1937), sodium periodate catalysed by ruthenium trichloride (T.Sakata 
et al. Bull Chem. Soc. Jpn., 1988, 61(6), 2025), pyridinium chlorochromate (R.S.Reddy 
et al, Synth. Commun., 1988, 18(51), 545) or chromium trioxide (R.M.Coates et al, J. 
Am. Chem. Soc.,1982, 104, 2198). 

35 An r3 CO2H group may also be prepared from oxidative cleavage of the 

corresponding diol, CH(0H)CH20H, using sodium periodate catalysed by ruthenium 
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trichloride with an acetonitrile-carbontetrachloride-water solvent system (V.S.Martin et 
al Tetrahedron Letters, 1988, 2P(22), 2701). 

r3 groups containing a cyano or carboxy group may also be prepared by 
conversion of an alcohol to a suitable leaving group such as the corresponding tosylate by 
5 reaction with para-toluenesulphonyl chloride (M.R.Bell, J. Med. Chem.,1970, 13, 389), or 
the iodide using triphenylphosphine, iodine, and imidazole (G. Lange, Synth. Conamun., 
1990, 20, 1473). The second stage is the displacement of the leaving group with cyanide 
anion (LA.Paquette et al, J. Org. Chem.,1979, 44 (25), 4603; P.A.Grieco et al, J. Org. 
Chem.,1988, 53 (16), 3658). Finally acidic hydrolysis of the nitrile group gives the 

10 desired acids (H.Rosemeyer et al, Heterocycles, 1985, 23 (10), 2669). The hydrolysis may 
also be carried out with base e.g. potassium hydroxide (H.Rapoport, J. Org. Chem.,1958, 
23, 248) or enzymatically (T. Beard et al, Tetrahedron Asymmetry, 1993, 4 (6), 1085). 

Other functional groups in may be obtained by conventional conversions of 
carboxy or cyano groups. 

15 Tetrazoles are conveniently prepared by reaction of sodiimiazide with the cyano 

group (e.g. F. Thomas et al, Bioorg. Med. Chem. Lett., 1996, 6 (6), 631; K.Kubo et al, J. 
Med. Chem., 1993, 36,2182) or by reaction of azidotri-n-butyl stannane with the cyano 
group followed by acidic hydrolysis ( P.L.Onistein, J. Org. Chem., 1994, 5P, 7682 and J. 
Med. Chem, 1996, 39 (11), 2219). 

20 The 3-hydroxy-3-cyclobutene-l,2-dion-4-yl group (e.g. R.M.S0II, Bioorg. Med. 

Chem. Lett., 1993, 3 (4), 757 and W. A. Kinney, J. Med. Chem., 1992, 35 (25), 4720) can 
be prepared by the following sequence:- (1) a compound where R3 is (CH2)nCHO (n = 
0,1,2) is treated with triethylamine, carbon tetrabromide/triphenylphosphine to give 
initially (CH2)nCH=CBr2; (2) dehydrobromination of this intermediate to give the 

25 corresponding bromoethyne derivative (CH2)nC=CBr (for this 2 stage sequence see D. 
Grandjean et al, Tetrahedron Letters, 1994, 35 (21), 3529); (3) palladium-catalysed 
coupling of the bromoethyne with 4-(l-methylethoxy)-3-(tri-n-butylstannyl)cyclobut-3- 
ene-l,2-dione (Liebeskmd et al, J. Org. Chem., 1990, 55, 5359); (4) reduction of the 
ethyne moity to -CH2CH2- under standard conditions of hydrogen and palladium on 

30 charcoal catalysis(see Howard et al. Tetrahedron, 1980, 36, 171); and finally (4) acidic 
hydrolysis of the methylethoxyester to generate the corresponding 3-hydroxy-3- 
cyclobutene-l,2-dione group (R.M.S0II, Bioorg. Med. Chem. Lett., 1993, 3 (4), 757). 

The tetrazol-5-ylaminocarbonyl group may be prepared from the corresponding 
carboxyUc acid and 2-aminotetrazole by dehydration with standard peptide coupling 

35 agents such as l,r-carbonyldiimidazole (P. L. Omstein et al, J. Med Chem, 1996, 39 (1 1), 
2232). 



-25- 



wo 2004/002992 



PCT/EP2003/006756 



The alkyl- and alkenyl-sulphonylcarboxamides are similarly prepared from the 
corresponding carboxylic acid and the alkyl- or alkenyl-sulphonamide by dehydration 
with standard peptide coupling agents such as l,r-carbonyldiimidazole (P, L. Omstein et 
al,J.Med.Chem., 1996, 39 (11), 2232). 
5 The hydroxandc acid groups are prepared from the corresponding acids by 

standard amide coupling reactions eg N. R. Patel et al, Tetrahedron, 1987, 43 (22), 5375 

2,4-thiazolidinedione groups may prepared from the aldehydes by condensation 
with 2,4-thia2olidinedione and subsequent removal of the olejBnic double bond by 
hydrogenation. 

10 The preparation of 5-oxo-l,2,4-oxadiazoles from nitriles is decribed by 

Y.Kohara et al, Bioorg. Med. Chem. Lett,, 1995, 5(17), 1903, 

l,2,4-triazol-5-yl groups may be prepared from the corresponding nitrile by 
reaction with an alcohol under acid conditions followed by reaction with hydrazine and 
then an RlO-substituted activated carboxylic acid (see JB Polya in 'Comprehensive 
1 5 Heterocyclic Chemistry Edition 1 p762, Ed AR Katritzky and CW Rees, Pergamon Press, 
Oxford 1984 and J J. Ares et al, J. Heterocyclic Chem., 1991, 28(5), 1197). 

The cyclohexylamine or cyclohexenylamine NH2 is converted to NR2r4 by 
conventional means such as amide or sulphonamide formation with an acyl derivative 
for compounds where U or X^^ is CO or SO2 or, where R^ is -CH2R^i or U or X^^ is 
20 CH2, by alkylation with an alkyl halide or other alkyl derivative R4-W in the presence of 
base, acylation/reduction or reductive alkylation with an aldehyde. 

Where one of R^ and R^, R^, R^ or R^ contains a carboxy group and the other 
contains a hydroxy or amino group they may together form a cyclic ester or amide 
linkage. This linkage may fomi spontaneously during coupling of the compounds of 
25 formulae (IV) and (V) or in the presence of standard peptide coupling agents. 

It will be appreciated that under certain circumstances interconvertions may 
interfere, for example, hydroxy groups in A or B and the cyclohexyl- or 
cyclohexenylamine will require protection e.g. as a carboxy- or silyl-ester group for 
hydroxy and as an acyl derivative for nitrogen, during conversion or 
30 r4', or during tiie coupling of the compounds of formulae (IV) and (V). 

Compounds of formulae (IV) and (V) are known compounds, (see for example 
Smith et al J. Amer. Chem, Soa, 1946, 68, 1301) or prepared analogously, see for 
example the references cited above. 

Compounds of formula (TV) where X is CR6r7s02W may be prepared by a route 
35 analogous to that of Ahmed El Hadri et al, J. Heterocyclic Chem., 1993, 30(3), 63 1 . Thus 
compoimds of formula (TV) where X is CH2SO2OH may be prepared by reacting the 
corresponding 4-methyl compound with N-bromosuccinimide, followed by treatment 
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with sodium sulfite. The leaving group W may be converted to another leaving group W, 
e.g. a halogen group, by conventional methods. 

The isocyanate of fonnula (TV) may be prepared conventionally fiom a 4-amino 
derivative such as 4-amino-quinoline, and phosgene, or phosgene equivalent (eg 

5 triphosgene) or it may be prepared more conveniently fi-om a 4-carboxylic acid by a "one- 
pot" Curtius Reaction with diphenyl phosphoryl azide (DPPA) [see T. Shiori et al. Chem. 
Pharm. Bull 35, 2698-2704 (1987)]. 

The 4-amino derivatives are commercially available or may be prepared by 
conventional procedures from a corresponding 4-chloro derivative by treatment with 

10 ammonia (O.G. Backeberg et. al., J. Chem Soc, 381, 1942) or propylamine hydrochloride 
^ (R. Radinov et. al.. Synthesis, 886, 1 986). 

4-Alkenyl compounds of formula (IV) may be prepared by conventional 
procedures from a corresponding 4-halogeno-derivative by e.g. a Heck synthesis as 
described in e.g. Organic Reactions, 1982, 27, 345. 

15 4-Halogeno derivatives of compounds of formula (IV) are commercially available, 

or may be prepared by methods known to those skilled m the art. A 4-chloroquinoline is 
prepared from the corresponding quinolin-4-one by reaction with phosphorus oxychloride 
(POCI3) or phosphoms pentachloride, PCI5. A-4-bromo-substituent may be prepared from 
the quinolin- or naphthyridin-4-one by reaction with phosphorus tribromide ^Br3) in 

20 DMF. A 4-chloroquinazoline is prepared from the corresponding quina2olin-4-one by 
reaction with phosphorus oxychloride (POCI3) or phosphorus pentachloride, PCI5. A 
quinazolinone and quinazolines may be prepared by standard routes as described by T. A. 
Williamson m Heterocyclic Compounds, 6, 324 (1957) Ed. R.C. Elderfield. 

Activated carboxy derivatives X=ACOW of formula (IV) may be prepared from 

25 X=AC02H derivatives in turn prepared from CO2H derivatives by conventional methods 
such as homologation. 

4-Carboxy derivatives of compounds of formula (IV) are commercially available 
or may be prepared by conventional procedures for preparation of carboxy 
heteroaromatics well knovm to those skilled in the art. For example, quinazolines may be 

30 prepared by standard routes as described by T. A. Williamson in Heterocyclic 

Compounds, 6, 324 (1957) Ed. R.C. Elderfield. These 4-caiboxy derivatives may be 
activated by conventional means, e.g. by conversion to an acyl halide or anhydride. 

4-Carboxy derivatives such as esters maybe reduced to hydroxymethyl derivatives 
with for example lithium aluminium hydride. Reaction with mesyl chloride and 

35 triethylamine would give the mesylate derivative. A diazo compound (X is -CH=N2) may 
be prepared from the 4-carboxaldehyde via the tosyl hydrazone. The 4-carboxaldehyde 
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may be obtained from from the acid by standard procedures well known to those skilled 
in the art. 

A 4-oxirane derivative of compounds of formula (TV) is conveniently prepared 
from the 4-carboxylic acid by first conversion to the acid chloride with oxalyl chloride 

5 and then reaction with trimethylsilyldiazomethane to give the diazoketone derivative. 
Subsequent reaction with 5M hydrochloric acid gives the chloromethylketone. Reduction 
with sodium borohydride m aqueous methanol gives tiie chlorohydrin which undergoes 
ring closure to afford the epoxide on treatment with base, e.g. potassium hydroxide in 
ethanol-tetrahydrofiiran. 

10 Alternatively and preferably, 4-oxirane derivatives can be prepared from 

bromomethyl ketones which can be obtained from 4-hydroxy compounds by other routes 
well known to those skilled in the art. For example, hydroxy compounds can be converted 
to the corresponding 4-trifluoromethanesulphonates by reaction with 
trifluoromethanesulphonic anhydride under standard conditions (see K. Ritter, Synthesis, 

15 1993, 735). Conversion into the corresponding butyloxyvinyl ethers can be achieved by a 
Heck reaction with butyl vinyl ether under palladium catalysis according to the procedure 
of W. Cabri et al, J. Org. Chem, 1992, 57 (5), 1481. (Alternatively, the equivalent 
intermediates can be attained by Stille coupling of the trifluoromelhanesulphonates or the 
analaogous chloro derivatives with (l-ethoxyvmyl)tributyl tin, (T. R. Kelly, J. Org. 

20 Chem., 1996, 61, 4623).) The alkyloxyvmyl ethers are then converted into the 

corresponding bromomethylketones by treatment with N-bromosuccinimide in aqueous 
tetrahydrofuran in a similar manner to the procedures of J. F. W. Keana, J. Org. Chem., 
1983, 48, 3621 and T, R. Kelly, J. Org. Chem., 1996, 61, 4623. 

The 4-hydroxyderivatives can be prepared from an aminoaromatic by reaction 

25 with methylpropiolate and subsequent cyclisation, analogous to the method described in 
N. E. Heindel et al, J. Het. Chem., 1969, 6, 77. For example, 5 -amino-2-methoxy pyridine 
can be converted to 4-hydroxy-6-methoxy-[ 1 ,5]naphthyridine using this method. 

If a chiral reducing agent such as (+) or (-)-B-chlorodiisopinocamphenylborane 
[T)IP-chloride'] is substituted for sodium borohydride, the prochiral chloromethylketone 

30 is converted into the chiral chlorohydrin with ee values generally 85-95% [see C. Bohn et 
al Chem. Ber. 125, 1169-1190, (1992)]. RecrystalUsation of the chiral epoxide gives 
material in the mother liquor with enhanced optical purity (typically ee 95%). 

The (i?>epoxide, when reacted with an amine derivative gives ethanolamine 
compounds as single diastereomers with (iJ)-stereochemistry at the benzylic position. 

35 Alternatively, the epoxide may be prepared from the 4-carboxaldehyde by a Wittig 

approach using trimethylsulfonium iodide [see G.A. Epling and K-Y Lin, J, Het Chem.y 
1987, 24> 853-857], or by epoxidation of a 4-vinyl derivative. 
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Pyridazines maybe prepared by routes analogous to those described in 
Comprehensive Heterocyclic Chemistry, Volume 3, Ed A J. Boulton and A. McKillop 
and napthyridines may be prepared by routes analogous to those described in 
Comprehensive Heterocychc Chemistry, Volume 2, Ed A. J. Boulton and A. McKiUop. 
5 4-Hydroxy- 1 ,5-naphthyridines can be prepared from 3-aminopyridine derivatives 

by reaction with diethyl ethoxymethylene malonate to produce the 4-hydroxy-3- 
carboxyUc acid ester derivative with subsequent hydrolysis to Ihe acid, followed by 
thermal decarboxylation in quinoline (as for example described for 4-Hydroxy- 
[l,5]naphthyridine-3-carboxylic acid, J. T. Adams et a/., J,Amer.Che?n,Soc., 1946, 68, 
10 13 17). A 4-hydroxy-[l,5]naphthyridine can be converted to the 4-chloro derivative by 
heating in phosphorus oxychloride, or to the 4-methanesulphonyloxy or 4- 
trifluoromethanesulphonyloxy derivative by reaction with methanesulphonyl chloride or 
trifluoromethanesulphonic anhydride, respectively, m the presence of an organic base. A 
4-amino 1,5-naphthyridine can be obtained from the 4-chloro, 4-methanesulphonyloxy or 
1 5 4-trifluoromethanesulphonyloxy derivative by reaction with n-propylamine in pyridine. 
Similarly, 6-methoxy-l,5-naphthyridine derivatives can be prepared from 3- 
amino-6-methoxypyridine. 

1,5-Naphthyridines may be prepared by other methods well known to those skilled 
m the art (for examples see PA. Lowe in "Comprehensive Heterocyclic Chemistry** 
20 Volume 2, p581-627, Ed AR. Katritzky and C.W. Rees, Pergamon Press, Oxford, 1984). 

The 4-hydroxy and 4-amino-cinnolines may be prepared following methods well 
known to those skilled in the art [see A.R. Osbom and K. Schofield, /. Chem. Soc, 2100 
(1955)]. For example, a 2-aminoacetophenone is diazotised with sodium nitrite and acid 
to produce the 4-hydroxycinnoline with conversion to chloro and amino derivatives as 
25 described for 1 ,5-naphthyridines. 

rA groups where the ring (y) is 4-pyridyl are available by the sequence described 
below, starting from an aromatic or heterocyclic amine (1), with at least one free CH 
position adjacent to the amine. Reaction with Meldrum's acid and trimethyl orthformate 
in ethanol at reflux affords the corresponding 2,2-dimethyl-5-phenylaminomethylene- 
30 [l,3]dioxan&-4,6-dione derivatives (2). These can be cyclised at elavated temperatures 
(180-220OC) m inert solvents such as Dowtheim to give the corresponding IH-quinolin- 
4-one (3) or heterocyclic analogues eg lH-[l,6]naphthyridin-4-one. These processes are 
well-established and are described by Walz and Sundberg (J. Org. Chem., 2000, 65 (23), 
8001) and by Todter and Lackner (Synthesis, 1997 (5) 576). 
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Activation of the quinolone species related to (3) into the corresponding 4- 
quinolyl bromides (4) can be accomplished with phosphorous oxybromide or more 
preferably phosphorous tribromide in N,N-dimethylformamide (see M. Schmittel et al, 
5 Synlett, 1997, (9), 1096 and K. Gould et al, J. Med., Chem., 1988, 31 (7), 1445). The 
corresponding chlorides (5) are available by using phosphoryl oxychloride (for instance 
C. W. Wright et al, I Med, Chem, 2001, 44 (19), 3187). 




(4) X =: Br 

(5) X = CI 

(6) X = OTf 



(4) 



10 



15 



20 



Alternatively, the quinolone species maybe activated to the corresponding 1,1,1- 
trifluoro-methanesulfonic acid quinolin-4-yl esters (6) by the action of agents such as 
triflic anhydride or more preferably N-trifluoromethanesulphonimide (see for exarq)le M. 
Alvarez et ah Tet 2000, 56 (23) 3703; M. Alvarez et aU Eur. J: Org, Chem, 2000, (5), 
849; J. Joule et ah Tet, 1998, 54 (17), 4405; L K. StiUe et ah J.A.C.S, 1988, 110 (12), 
4051). 

Activated species such as (4), (5), and (6) can then be subjected to a variety of 
metal-catalysed coupling reactions, such as amidation with primary carboxamides to give 
compounds such as (7) following the procedures of S. L. Buchwald et al (J.A^C.S, 2001, 
123, 4051 and 7727; Org. Lett, 1999, 1, 35) or Sonogashira coupling with acetylenes to 
give compounds such as (8) (see A. Droz et ah Helv. Chim. Acta, 2001, 84 (8), 2243; M. 
Belly et ah Synlett, 2001 (2), 222; M. Piirung et ah J.A.C,S, 2001, 123 (16), 3638). 

R 





(7) («) 

rA thieno[3,2-b]pyridin-7-yl, 2,3-dihydro-[l,4]dioxino[2,3-b]pyridm-8-yl, 
quinolin-8-yl and isoquinolin-5-yl derivatives are commercially available or prepared by 
25 conventional methods fiom commercially available or literature derivatives, for example 
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4H-thieno[3,2-b]pyridm-4-one, 2,3-dihydro-[l,4]dioxino[2,3-b]pyriciine (prepared by the 
method of H. Neunhoffer et al, Chem., Ber., 1990, 123), 2-niethoxy-qumolin-8-ylainme 
(prepared by the method of K. Mislow et al J.A.C.S. 68, 1353 (1946)), 2,8-qumolmediol 
or trifluoromethane sulphonic acid-isoquinolin-S-yl ester (prepared as in D. Ortwine et al, 

5 J. Med. Chem., 1992, 35 (8), 1345). 

rA quinoxalin-S-yl derivatives may be obtained from 2- or 3-methylqmnoxalin-5- 
ol prepared as described by Y. Abe et al, J. Med. Chem., 1998, 41 (21), 4062 or from 
suitable substituted derivatives prepared by analogous methods. 3- 
methoxyquinoxaline-5-yl derivatives maybe obtained from 3-oxoquinoxalin-5-yl 

10 prepared by the general methods of FJ.Wolf et al., JA-CS. 1949, 71, 6, using a suitable 
methylating agent such as trimethylsilyl(diazomethane). The corresponding 1,2,3,4- 
tetrahydro-quinoxaUn-5-yl may be prepared by reduction with a suitable reducing agent 
such as sodium cyanoborohydride in the presence of an acid such as acetic acid. 

The isoquinolin-8-yl system can be prepared from the appropriately substituted 

1 5 benzylamine by cyclocondensation with diethoxy-acetaldehyde (see, for example, K. 
Kido and Y. Watanabe, Chemical & Pharmaceutical Bulletin, 35(12), 4964-6; 1987). 
Alternatively 8-bromo-isoquinolme (prepared by the method of F.T.Tyson, J.A.C.S., 
1939,61, N.Brietetal., Tetrahedron (2002), 58(29), 5761-5766 or W.D. Brown, et 
al., Synthesis (2002), (1), 83-86. 183 can be subjected to N-^xidation and 

20 rearrangement to give 8-bromo-2H-isoquinolin-l-one. This can be N-methylated to give 
8-bromo-2-methyl-2H-isoquinolin-l-one, an appropriate intermediate for the 2-methyH- 
oxo-l,2-dihydroisoquinolin-8-yl system. 

The l-methoxy-isoquinolin-8-yl system can also be obtained from the 8- 
bromoisoquinoline-N-oxide above by rearrangement with methyl chloroformate to give 

25 8-bromo-l -methoxy-isoquinoline, an appropriate intermediate for the 1-methoxy- 

isoquinolui-8-yl system 

The compounds of formula (V) are either commercially available or may be 
prq)ared by conventional methods. 

For compounds of formula (V), where Y is NHRI 1 'suitable amines may be 
30 prepared from the corresponding 4-substituted cyclohexyl- or cyclohexenyl acid or 

alcohol. In a first instance, an N-protected cyclohexyl- or cyclohexenyl amine containing 
an acid bearing substituent, can undergo a Curtius rearrangement and the intermediate 
isocyanate can be converted to a carbamate by reaction with an alcohol. Conversion to 
the amine may be achieved by standard methods well known to those skilled in the art 
35 used for amine protecting group removal. For example, an acid substituted N-protected 
cyclohexyl- or cyclohexenyl amine can undergo a Curtius rearrangement e.g. on treatment 
with diphenylphosphoryl azide and heatmg, and the intermediate isocyanate reacts m the 
presence of 2-trimethylsilylethanol to give the trimethylsilylethylcarbamate (T.L. Capson 
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& CD. Poulter, Tetrahedron Lett., 1984, 25, 3515). This undergoes cleavage on 
treatment with tetrabutylammonium fluoride to give the 4-amine substituted N-protected 
compound of formula (V). Alternatively, an acid group (CH2)n-lC02H maybe 
converted to (CH2)iiNHR^ ^ reaction with an activating agent such as isobutyl 

5 chloroformate followed by an amine r1 1*^2 and the resulting amide reduced with a 
reducing agent such as LiAlH4. 

In a second instance, an N-protected cyclohexyl- or cyclohexenyl amine 
containing an alcohol bearing substituent undergoes a Mitsunobu reaction (for example as 
reviewed in Mitsunobu, Synthesis, (1981), 1), for example with succinimide in the 

10 presence of diethyl azodicarboxylate and triphenylphosphine to give the 

phthalimidoethylcyclohexyl- or cyclohexenyl amine. Removal of the phthaloyl group, for 
example by treatment with methylhydrazine, gives the amine of formula (V). 

Compounds of formula (V) where n=l may be prepared from the compound 
where n=0 by homologation eg starting from a compound of formula (V) where 

15 Y=C02H. 

Compounds of foraiula (V) with a -CsCH group may be prepared from the ketone 
treated with trimethylsilylacetylene and n-butyl lithium in dimethylformamide at low 
temperature followed by removal of the trimethylsilyl groiq) with potassium carbonate in 
methanol or a fluoride source such as KF or tetrabutylanunonium fluoride. 
20 Compounds of formula (V) with a -CONHRI 1 group may be prepared from the 

corresponding nitrile by partial hydrolysis with with concentrated mineral acid at ambient 
temperature, such as concentrated hydrochloric acid (M. Brown et a/, J. Med. Chem., 
1999, 42, (9), 1537) or with concentrated sulphuric acid (F. Macias et al Tetrahedron, 
2000, 56, (21), 3409). 

25 Compounds of formula (V) with a -OCONH2 group may be prepared from the 

corresponding alcohol by reaction with phosgene followed by ammonia. 

Compounds of formula (V) substituted by r3 at the 1 - or 4-position may be 
prepared fmm a 1-keto derivative via a q^anohydrin reaction with sodium 
cyanide/hydrochloric acid in an ether/water two phase system (J. Marco et al Tetrahedron, 

30 1999, 55, (24), 7625), or using trimethylsilylcyanide and zinc iodide catalysis in 

dichloromethane (A. Abad et al, J. Chem. Soc, Perkin 1, 1996, 17, 2193), followed by 
hydrolysis by heating in concentrated hydrochloric acid to give the a-hydroxy acid 
(Compound(V), Y^COzH, n=0, r3' =0H and q1 is NR2'r4') or partial hydrolysis to the 
carboxamide -CONH2 as described above. In examples where there is trimethylsilyl 

35 protection of the alcohol, this is removed under the acidic conditions of cyanide 

hydrolysis. It will be appreciated that the amine protecting group eg N-carboxylic acid 
tert-hnty\ ester is concommitantly removed during the acid hydrolysis step, necessitating a 
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Standard reprotection with di-^er^-butyl dicarbonate, giving key intermediates (V) such as 
(4-carbainoyl-4-hydroxy-cyclohexyl)-carbanuc acid ^er/-butyl ester. It is noteworthy that 
during the cyanohydrin formation there is little or no stereoselectivity with regard to 
relative stereochemistry, and the (4-carbamoyl-4-hydroxy-cyclohexyl)-carbamic acid tert- 

5 butyl ester produced in this process is a mixture of cis and trans stereoisomers. These 
isomers can be separated by careful chromatography. 

The same l-keto-derivative could undergo a Wittig reaction with 
Ph3PCH=C02Me to give the a,P-unsaturated carboxylic ester Me02C-CH=C<Ring, 
which could be epoxidised (eg meta-chloroperbenzoic acid) to give the a,P-epoxy-ester. 

10 Alternatively this could be foimed directly from the keto-derivative via a glycidic ester 
condensation with an a-halogeno-ester. Base hydrolysis would afford the a,p-epoxy- 
carboxylic acid, which on reduction (eg lithium triethylborohydride - see J. Miklefield et 
al J. Amer. Chem. Soc. 117,11 53-1 1 54 (1995) or hydrogenation over platinum oxide (see 
Artamonow Zh.Obshch.Khim. 28 1355-1359 (1958)) would afford the p-hydroxy acid 

15 (Compound (V) Y=C02H, n=l, r3' =0H ). Altematively a Reformatsky reaction with 
the keto-derivative and an a-bromocaiboxylic acid ester and zinc, followed by acid 
hydrolysis would afford the p-hydroxycarboxylic acid directly. The l-keto-derivative 
could also undergo a Strecker type synthesis via a Bucherer-Bergs procedmre (potassium 
cyanide/ammonium carbonate) [see T. Scott Yokum et al. Tetrahedron Letters, 38, 4013- 

20 4016 (1997)] to give the a-amino-carboxylic acid (Compound (V) Y=C02H n=0, r3' 
-NH2). 

An alternative route to 1 -substituted compounds (V) involves a Diels Alder 
reaction between butyl acrylate and acetoxy butadiene to give (1). Elimination of acetic 
acid and hetero Diels Alder reaction with an in-situ generated acyl nitroso compound 
25 gives the bicycUc hydroxylamine product (3). The ester is transformed to an amide in two 
steps, and catalytic hydrogenation is used to reduce the double bond, remove the nitrogen 
protection and cleave the NO bond. After reprotection of flie andno group, the 
cyclohexane amide with the required stereochemistry is obtained. 
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Two Steps can be avoided by starting with acrylamide : 




5 

Compoxmds of formula (V) substituted by r3 at the 2- or 3-position may be 
prepared jfrom the corresponding substituted phenyl derivative l-Y(CH2)nPh(-R3)-4-NR2 
(eg where Y=carboxylic acid) by hydrogenation at elevated temperature and pressure 
using a Pt or Ru catalyst. 

10 Compounds of formula (V) with a 3-hydroxyl group may be prepared from a 3,4 

oxirane-cyclohexane carboxylic acid by reaction with an amine NHR^R^ or azide 
(followed by conversion of the azide to amino). [See for example K, Krajewski et al. 
Tetrahedron Asymmetry 10, 4591-4598 (1999)]. The ester group maybe epimerised by 
heating in strong base, hydrolysed to the carboxylic acid and cyclised to the lactone using 

15 a conventional coupling reagent (EDC) . Other conventional reagents eg DCC, Im2C0, 
HATU etc. may also be used. The lactone is readily purified by chromatography. The 
lactone is readily opened with aqueous ammonia in tetrahydrofuran to give the required 
(racemic) amide. 
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COjMe COgH 



'OH 
RhBoc 

(1) 



OH 

NHBoc NHBoc 
(crude) (crude) 



(rac) 



CONH2 

a, 



32% NH3-H2O. THF 




,0 (pure) 



'OH 

NHBoc NHBoc 



An improved procedure starting from 3-cyclohexene carboxylic acid may be used 
to prepare single enantiomers. 3-Cyclohexene carboxylic acid (2) is resolved via a-Me 
benzylamine salt (Schwartz et al, J. Am. Chem. Soc, 100, 5 199, (1978)). A higher yield 
of lactone (3) can be achieved using a larger excess of reagents. Lactone opening with 
ammonia gives (4), which is treated with azide to give (5) which has the required trans 
relative stereochemistry between the amide andN-substituent. Finally, azide reduction 
and Boc protection gives (1) a compound of formula (V). 



CONH2 




10 



^OH Y OH 

Br N3 
(4) (5) 

r3 halogen can be introduced onto a cyclohexane ring via treatment of a silyl enol 
ether with an electrophilic halogenating, such as a fluorinating, agent. For example,ethyl- 
4-0X0 cyclohexanecarboxylate is converted to its TMS enol ether (S-W Lin, 

15 Bioorg.Med.ChemXett, 10; 11; 1297 -1298, 2000). This conversion may be carried out 
using an optically active base to give enantiomerically emiched material [ KW Henderson 
et al, JCS Chem Comm, 479-480, (2000); NS Simpkins et al, Tet. Lett, 30, 51, 7241- 
7244, (1989); K Koga et al, J. Am. Chem. Soc, 108, 543-545, (1986); P Knochel, Ang. 
Chem. Int. Ed., 37, (21), 3014-3016 (1998); VK Aggarwal, L Chem. Soc. Perkin Trans. 1, 

20 2883 (1 999)] . Treatment with an electrophilic fluorinating agent, for example Selectfluor, 
yields the chiral a-fluoroketones which may be separated by silica gel chromatography. 
Reductive amination with an amine, for example benzylamine or a chiral benzylamine for 
example a -methyl benzylamine using sodium cyanoborohydride or sodium 
triacetoxyborohydride yields the amino ester with predominantly the cis relationship 
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between the amino and fluoro substituents. This may be converted to the amino amide. 
Diastereoisomers maybe separated by an appropriate combination of silica gel 
chromatography, HPLC and crystallisation of the free base or a suitable salt. 
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Selectfluor™: l-cUoromethyl-4-fluoro-l,4-diazomabicyclo[2.22]octane 
bis(tetrafluoroborate 
a-MeBii]SIH2: a-methylbenzylamine 
(BbC)20- di-tert-butyldicarbonate 

5 BOC: tert-butyloxycarbonyl 

HOAt: l-hydroxy-7-azabeiizotriazole 

EDC: l-ethyl-3-(3-dimethylaininopropyl)carbodiimide hydrochloride. 

R^-halides and R^-W derivatives, acyl derivatives or aldehydes are commercially 
available or are prepared conventionally. The aldehydes may be prepared by partial 

10 reduction of the corresponding ester with lithium aluminium hydride or di- 

isobutylaluminium hydride or more preferably by reduction to the alcohol, with lithium 
aluminium hydride or sodium borohydride (see Reductions by the Alumino- and 
Borohydrides in Organic Synthesis, 2nd ed., Wiley, N.Y., 1997; JOC, 3197, 1984; Org. 
Synth. Coll, 102, 1990; 136, 1998; /OC, 4260, 1990; TL, 995, 1988; JOC, 1721, 1999; 

15 Liebigs AnnJRecl, 2385, 1997; JOC, 5486, 1987) , followed by oxidation to the aldehyde 
with manganese (II) dioxide, or by a 'Swem' procedure (oxalyl chloride/DMSO), or by 
using potassium dichromate (PDC). The aldehydes may also be prepared from carboxylic 
acids in two stages by conversion to a mixed anhydride for example by reaction with 
isobutyl chloroformate followed by reduction with sodium borohydride (R. J. Alabaster et 

20 al.. Synthesis, 598, 1989) to give the hydroxymethyl substituted heteroaromatic or 
aromatic and then oxidation with a standard oxidising agent such as pyridinium 
dichromate or manganese (IT) dioxide. Acyl derivatives maybe prepared by activation of 
the corresponding ester. R^-halides such as bromides may be prepared from the alcohol 
R^OH by reaction with phosphorus tribromide in dichloromefhane/triethylamine. Where 

25 X2a is CO and X^a is NRl3a the R^-halide may be prepared by coupling an X4a-NH2 
amine and bromoacetyl bromide. R^-W derivatives such as methanesulphonyl derivatives 
may be prepared from the alcohol r40H by reaction with methane sulphonyl chloride. 
The leavmg group W may be converted to another leaving group W, e.g. a halogen group, 
by conventional methods. Alternatively the aldehyde r52CHO and sulphonic acid 

30 derivative r52S02W may be generated by treatment of the r52H heterocycle with 
suitable reagents. For example benzoxazinones, or more preferably their N-methylated 
derivatives can be formylated with hexamine in eithar trifluoroacetic acid or 
methanesulfonic acid, in a modified Dufif procedure [O. L Petrov et al. Collect Czech. 
Chem, Commun. 62, 494-497 (1997)]. 4-Methyl-4H-benzo[l,4]oxazin-3-one may also be 

35 fonnylated using dichloromethyl methyl ether and alummium chloride giving exclusively 
the 6-formyl derivative. 
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Reaction of a r52H heterocycle with chlorosulphonic acid gives the sulphonic 
acid derivative (by methods analogous to Techer et al, CR^Hebd. Seances Acad, ScL 
SckC; 270, 1601, 1970). 

The aldehyde r52CHO may be generated by conversion of an R52halogen or 

5 R52trifluoromethane sulphonyloxy derivative into an olefin with subsequent oxidative 
cleavage by standard methods. For example, reaction of a bromo derivative under 
palladium catalysis with trans-2-phenylboronic acid und^ palladium catalysis affords a 
styrene derivative which upon ozonolysis affords the required r52CHO (Stephenson, G. 
R., Adv. Asymmetric Synth. (1996), 275-298. Publisher: Chapman & Hall, London), 

10 Where R^2 ^ optionally substituted benzoimidazol-2-yl group, the compound 

of formula (V) where R^' is R^ may be obtained by converting a R^' cyanomethyl group 
with partial hydrolysis to give the 2-ethoxycarbonimidoylethyl group which can then be 
condensed with an appropriately substituted 1,2-diaminobenzene to give the required 
benzoimidazol-2-yl group. 

1 5 R^2H heterocycles are commercially available or may be prepared by 

conventional methods. For example where a benzoxazinone is required, a nitrophenol 
may be alkylated with for example ethyl bromoacetate and the resulting nitro ester 
reduced with Fe in acetic acid (alternatively Zn/AcOH/HCl or Hi/Pd/C or H2/Raney Ni). 
The resulting amine may undergo spontaneous cyclisation to the required benzoxazinone, 

20 or cyclisation may be induced by heating m acetic acid. Alternatively a nitrophenol may 
be reduced to the aminophenol, which is reacted with chloroacetyl chloride [method of X, 
Huang and C. Chan, Synthesis 851 (1994)] or ethyl bromoacetate in DMSO [method of Z. 
Moussavi et al. Eur. J. Med. Chim, Ther. 24, 55-60 (1989)]. The same general routes can 
be applied to prepare benzothiazinones [See for example F. Eiden and F, Meinel, Arch. 

25 Pharm. 312, 302-312 (1979), H. Fenner and R Grauert Liebigs. Ann, Chem, 193-313 
(1978)]]. A variety of routes are available to prepare aza analogues of benzothiazinones 
via the key corresponding aldehydes. For instance, 2-oxo-2,3-dihydro-l/f-pyrido[3,4- 
b][l,4]thiazine-7-carbaldehyde maybe accessed from 5-fluoro-2-picoline (E. J. Blanz, F. 
A. French, J. R. DoAmaral and D. A. French, J. Med. Chem. 1970, i5, 1 124-1 130) by 

30 constructing the thiazmone ring onto the pyridyl ring then functionalising the methyl 
substituent. The dioxin analogue of flus aza substitution patem, 2,3-dihydro- 
[l,4]dioxino[2,3-c]pyridine-7-carbaldehyde is accessible from Kojic acid by aminolysis. 
from pyrone to pyridone then annelating the dioxin ring. Other aza substitution patterns 
with pyridothiazin-3-one, pyridooxazin-3-one, and pyridodioxin ring systems are also 

35 accessible. Ortho-aminothiophenols may be conveniently prepared and reacted as their 
zinc complexes [see for example V. Taneja et al Chem. Bid 187 (1984)]. Benzoxazolones 
may be prepared from the corresponding aminophenol by reaction with carbonyl 
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diimidazole, phosgene or triphosgene. Reaction of benzoxazolones with diphosporus 
pentasulfide affords the corresponding 2-thione. Thiazines and oxazines can be prepared 
by reduction of the corresponding thiazinone or oxazinone with a reducing agent such as 
lithium aluminium hydride. 
5 The amines r2'r4'nH are available commercially or prepared conventionally. For 

example amines may be prepared from a bromo derivative by reaction with sodium azide 
in dimethylformamide (DMF), followed by hydrogenation of the azidomethyl derivative 
over palladium-carbon. An alternative method is to use potassium phthalimide/DMF to 
give the phthalimidomethyl derivative, followed by reaction with hydrazine in DCM to 
1 0 Uberate the primary amine. 

Amines where X2a is CO and X^a is NRl3a may be prepared by reacting an N- 
protected glycine derivative H02C-Xla.NH2 with X4a-NH2 by conventional coupling 
using eg EDC, 

Conversions of R^^'^ r2'^ r3* r4* may be carried out on the intermediates 
15 of formulae (IV) and (V) prior to their reaction to produce compounds of formula (I) in 
the same way as described above for conversions after their reaction. 

The pharmaceutical compositions of the invention include those in a form adapted 
for oral, topical or parenteral use and may be used for the treatment of bacterial infection 
m mammals including humans. 
20 The antibiotic compounds according to the invention may be formulated for 

administration in any convenient way for use in human or veterinary medicine, by analogy 
with other antibiotics. 

The composition may be formulated for administration by any route, such as oral, 
topical or parenteral. The compositions may be in the form of tablets, capsules, powders, 
25 granules, lozenges, creams or liquid preparations, such as oral or sterile parenteral 
solutions or suspensions. 

The topical formulations of the present invention may be presented as, for 
instance, ointments, creams or lotions, eye ointments and eye or ear drops, impregnated 
dressings and aerosols, and may contain appropriate conventional additives such as 
30 preservatives, solvents to assist dmg penetration and emollients in ointments and creams. 
TTie formulations may also contain compatible conventional carriers, such as 
cream or ointment bases and ethanol or oleyl alcohol for lotions. Such carriers may be 
present as from about 1% up to about 98% of the formulation. More usually they will 
form up to about 80% of the formulation. 
35 Tablets and capsules for oral administration may be in unit dose presentation 

form, and may contain conventional excipients such as binding agents, for example syrup, 
acacia, gelatin, sorbitol, tragacanth, or polyvinylpyroUidone; fillers, for example lactose. 
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sugar, maize-starch, calcium phosphate, sorbitol or glycine; tabletting lubricants, for 
example magnesium stearate, talc, polyethylene glycol or silica; disintegrants, for 
example potato starch; or acceptable wetting agents such a;s sodium lauryl sulphate. The 
tablets may be coated according to methods well known ni normal pharmaceutical 
5 practice. Oral liquid preparations may be in the fonn of, for example, aqueous or oily 
suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry product 
for reconstitution with water or other suitable vehicle before use, SuchUquid 
preparations may contain conventional additives, such as suspending agents, for example 
sorbitol, methyl cellulose, glucose syrup, gelatin, hydroxyethyl cellulose, carboxymefhyl 

10 cellulose, aluminium stearate gel or hydrogenated edible fats, emulsifying agents, for 
example lecithin, sorbitan monooleate, or acacia; non-aqueous vehicles (which may 
include edible oils), for example ahnond oil, oily esters such as glycerine, propylene 
glycol, or ethyl alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate 
or sorbic acid, and, if desired, conventional flavouring or colouring agents. 

15 Suppositories will contain conventional suppository bases, e.g. cocoa-butter or 

other glyceride. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the 
compound and a sterile vehicle, water being preferred. The compound, depending on the 
vehicle and concentration used, can be either suspended or dissolved in the vehicle. Li 

20 preparing solutions the compound can be dissolved in water for injection and filter 
sterilised before filling into a suitable vial or ampoule and sealing. 

Advantageously, agents such as a local anaesthetic, preservative and buffering 
agents can be dissolved in the vehicle. To enhance the stability, the composition can be 
firozen after filling into the vial and the water removed under vacuum. The dry 

25 lyophilized powder is then sealed in the vial and an accompanying vial of water for 

injection may be suppUed to reconstitute the liquid prior to use. Parenteral suspensions 
are prepared in substantially the same maimer except that the compound is suspended in 
the vehicle mstead of being dissolved and sterilization cannot be accomplished by 
filtration. The compound can be sterilised by exposure to ethylene oxide before 

30 suspending in the sterile vehicle. Advantageously, a surfactant or wetting agent is 
included m the composition to facilitate uniform distribution of the compound. 

The compositions may contain fi-om 0. 1% by weight, preferably fi-om 10-60% by 
weight, of the active material, depending on the method of administration. Where the 
compositions comprise dosage units, each unit will preferably contain firom 50-500 mg of 

35 the active ingredient. The dosage as employed for adult human treatment will preferably 
range fi:om 100 to 3000 mg per day, for instance 1500 mg per day depending on the route 
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and frequency of administration. Such a dosage corresponds to 1.5 to 50 mg/kg per day. 
Suitably the dosage is from 5 to 20 mg/kg per day. 

No toxicological effects are indicated when a compound of formula (1^ or a 
phaimaceutically acceptable salt or in vivo hydrolysable ester thereof is administered in 
5 the above-mentioned dosage range. 

The compound of formula (I) maybe the sole thers^eutic agent in the 
compositions of Che invention or a combination with other antibiotics or with a 
P-lactamase inhibitor may be employed. 

Compounds of formula (I) are active against a wide range of organisms including 
1 0 both Gram-negative and Gram-positive organisms. 

The following examples illustrate the preparation of certain compounds of 
formula Q) and the activity of certain compounds of formula ® against various bacterial 
organisms. 
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Examples 

Example 1 l.Hydroxy-^4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b] [l,4]thiazui-6- 
ylmethyl)-ammo]-r-cycIohexanecarboxylic acid thieno[3,2-b]pyridm-7-ylamide 
dihydrochloride 




(a) 2-Acetoxycyclohex-3-enecarboxylic acid butyl ester 

l-Acetoxy-l,3-butadiene (30.1 g, 0.268 mol) was dissolved in toluene (20 ml). To 
this was added butyl acrylate (37.9 ml, 0.265 mol) and hydroquinone (0.14 g). The 
colourless solution was heated at 120^0 for 26 hours under argoa More l-acetoxy-1,3- 
10 butadiene (1 0.6 g, 0.095 mol) in toluene (2 ml) was then added, and heating continued for 
a further 68 hours. The solution was cooled then evaporated in vacuo to give a viscous 
yellow oil (69 g), which was used without fiirther purification. 
6H (CDCI3) 0.91-0.95 (3H, m), 1.3-2.2 (IIH, m), 2.6-2.72 (IH, m), 4.01-4.16 (2H, m), 
and 5.48-6.07 (3H,m). 

15 

(b) Cyclohexa-l,3-dienecarboxylic acid butyl ester 

Crude butyl ester (a) (55.25 g, max 0.207 mol) was dissolved in dry 
tetrahydrofuran (320 ml) and cooled in an ice/salt bath. To this was added slowly, over 1 
hour, potassium t-butoxide in tetrahydrofuran (1 M, 220 ml, 0.22 mol). After 0.5 hour 
20 water and petroleum ether were added and the mixture filtered quickly through 

kieselguhr. The phases were separated and the aqueous extracted with more petroleum 
ether (x2). The combined organic extracts were washed with brine, dried and evaporated 
to give a mobile orange oil (31.85 g, 86%), which was used immediately without fiirther 
purification. 

25 SH (CDCI3) 0.93-0.99 (3H, m), 1.3-1.7 (4H, m), 2.2-2.5 (4H, m), 4.1-4.2 (2H, m), 6.0-6.2 
(2H, m), and 6.95-7.02 (IH, m). 

(c) 2-Oxa-3-aza-bicyclo[2.2.2]oct-5-ene-l,3-dicarboxylic acid 3-benzyl ester 1-butyl ester 

Crude butyl ester (b) (31.84 g, max 0.176 mol) was dissolved in dichloromethane 
30 (300 ml). To this was added N-hydroxy carbamic acid benzyl ester (30.9 g, 0. 1 85 mol). 
This solution was cooled in an ice/salt bath then a solution of tetrabutylammonium 
periodate (80.1 g, 0.185 mol) in dichloromethane (100 ml) was added dropwise over 1 
hour. After stirring for a further 1 hour, with cooling, the mixture was reduced to a small 
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volume in vacuo then stirred vigorously while adding diethyl ether (1 litre). The mixture 
was filtered washing well with diethyl ether. The filtrate was then washed with aqueous 
sodium bisulphite (x2), and brine, dried and evaporated to give a brown oil. This residue 
was purified by chromatography on silica gel, eluting with 25 - 28% diethyl ether in 
5 petroleum ether, to give a viscous pale orange oil (42.41 g, -69%) (contaminated with a 
little benzyl alcohol). 

5H (CDC13) 0.94 (3H, t), 1.35-1.75 (6H, m), 2.15-2.4 (2H, m), 4.2-4.35 (2H, m), 4.84- 
4.89 (IH, m), 5.12-5.20 (2H, m), 6.59-6.71 (2H, m), and 7.28-7.39 (5H, m). 

10 (d) 2-Oxa-3-aza-bicyclo[2.2.2]oct-5-ene-l,3-dicarboxylic acid 3-benzyl ester 

To a solution of di-ester (c) (42.13 g, 0.122 mol) in 1,4-dioxane (250 ml) was 
added aqueous sodium hydroxide solution (0.5 M, 250 ml, 0.125 mol). The mixture was 
sthred for 1 hour then washed with diethyl ether (x3). The aqueous phase was adjusted to 
pH2 with 5 M hydrochloric acid, and extracted with ethyl acetate (x3). The combined 

1 5 organic extracts were washed with brine, dried and evaporated to give a cream solid 
(29.53 g, 84%), 

8H (CDCI3/CD3OD) 1.53-1.79 (2H, m), 2.13-2.39 (2H, m), 4.82-4.89 (IH, m), 5.11-5.23 
(2H, m), 6.57-6.69 (2H, m), and 7.3-7.4 (5H, m). 

20 (e) l-Carbamoyl-2-oxa-3-aza-bicyclo[2.2.2]oct-5-ene-3-carboxylic acid benzyl ester 

The benzyl ester (d) (12.0 g, 41 .5 mmol) and l-hydroxy-7-azabenzotria2ole (6.26 
g, 46 mmol) were dissolved in DMF (100 ml) then l-ethyl-3-(3- 

dimethylaminopropyl)carbodiimide hydrochloride (8.79 g, 46 mmol) added. After sturing 
for 5 minutes ammonium hydrogen carbonate (8.22 g, 104 mmol) was added. Four further 
25 small portions of ammonium hydrogen carbonate were added over the next 7 hours. The 
mixture was then stirred overnight, diluted with water and extracted with ethyl acetate 
(x4). The combined organic extracts were washed with 5% aqueous citric acid then brine, 
dried and evaporated to give an off-white solid (9.9 g, 83%). 
MS (+ve ion electrospray) m/e 289 (MH+). 

30 

(f) (4-Carbam6yl-r-4-hydroxy-c-cyclohexyl)-carbamic acid ^erf butyl ester 

The benzyl ester (e) (9.75 g, 33.8 mmol) was dissolved in 1,4-dioxane (150 ml) 
and water (60 ml) and hydrogenated over 10% palladium on carbon (50% aqueous paste, 
3.3 g) at 40OC and 55 psi for 68 hours. More catalyst (2 g) was added after 4 hours. The 
35 mixture was then filtered through kieselguhr, washing well with 1,4-dioxane and water. 
To this solution was added 2 N sodium hydroxide (25 ml, 50 mmol) followed by a 
solution of di-ren-butyl dicarbonate (1 1.12 g, 51 mmol) in 1,4-dioxane (10 ml). The 
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reaction mixture was stirred for 5 hours then reduced in volume in vacuo, before 
extracting with ethyl acetate (x5). The combined organic extracts were dried and 
evaporated to give a white solid (5.96 g), which was chromatographed on silica (400 g). 
Elution with 0-7% methanol in dichloromethane gave a white powder (5.52 g, 63%) 
5 8H (d6-DMS0) 1.3-1.76 (17H, m), 3.17 (IH, br s), 4.95 (IH, s), 6.71 (IH, d), 7.0 (IH, s). 
and 7.14 (lH,s). 

(g) Methyl 3-oxo-3,4-dihydro-27y-pyrido[3^-6][l,4]thiazine-6-carboxylate 

A solution of ethyl 2-mercaptoacetate (1.473 ml) in DMF (48 ml) was ice-cooled 
10 and treated with sodium hydride (540 mg of a 60% dispersion in oil). After 1 hour methyl 
6-amino-5-bromopyridine-2-carboxylate (3 g) (T.R. Kelly and F. Lang, J. Org. Chem. 61, 
1996, 4623-4633) was added and the mixture stirred for 16 hours at room temperature. 
The solution was diluted with EtOAc (1 Utre), washed with water (3 x 300ml), dried and 
evaporated to about 10 ml. The white solid was filtered off and washed with a little 
15 EtOAc to the ester (0.95g). 

MS (APCI-) m/z 223 ([M-H]", 100%) 

(h) 3-Oxo-3,4-dihydio-2ff-pyrido[3,2-6][l,4]thiazine.6-carboxyUc acid 

A solution of ester (g) (788 mg) in dioxan (120 ml)/water (30 ml) was treated 
20 dropwise over 2 hours with 0.5M NaOH solution (8 ml) and stirred overnight. After 

ev^oration to approx. 3 ml, water (5ml) was added and 2N HCl to pH4. The precipitated 
solid was filtered off, washed with a small volume of water and dried under vacuum to 
give a soUd (636mg). 

MS (APCI-) m/z 209 ([M-H]-, 5%). 165([M-COOH]-, 100%) 

25 

(i) 6-Hydroxymethyl-3-oxo-3,4-dihydro-2//-pyrido[3,2-6][l,4]thiazine 

A solution of the carboxylic acid (h) (500mg) in THF (24ml) with triethylamine 
(0.396ml) was cooled to -lO'C and isobutyl chloroformate (0.339ml) added. After 20 
minutes flie suspension was filtered througji kieselguhr into an ice-cooled solution of 
30 sodium boiohydride (272 mg) in water (8 ml), the mixture stirred 30 minutes and the pH 
reduced to 7 with dilute HCl. The solvent was evaporated and the residue triturated under 
water. The product was filtered and dried under vacuum to give a white solid (346mg). 
MS (APCI-) m/z 195 ([M-H]-, 50%), 165(100%) 

35 (j) 3-Oxo-3,4-dihydro-2//-pyrido[3,2-i][l,4]thiazine-6-carboxaldehyde 

A solution of the alcohol (i) (330 mg) in dichloromethane (30 ml)/THF (30 ml) 
was treated with manganese dioxide (730 mg) and stirred at room temperature. Further 
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manganese dioxide was added after 1 hour (730 mg) and 16 hours (300 mg). After a total 
of 20 hours the mixture was filtered through kieselguhr and the filtrate evaporated. The 
product was triturated with EtOAc/hexane (1 : 1) and collected to give a solid (1 8Qmg). 

5 (k) 7-Bromo-thieno[3,2-b]pyridine 

A suspension of 4H-thieno[3,2-b]pyridin-4-one (5g, 33.1 mmol) in DMF (35 ml) 
was treated at QOCwith phosphorous tribromide (3.1 ml, 39.7 imnol). After 1 hour the 
mixture was added to a mixture of ice/saturated aqueous sodium hydrogen carbonate 
solution. Filtration and drying in vacuo afforded a pale yellow solid (5.9g, 83%). 

10 

(1) [4-Hydroxy-4-(thieno[3,2-b]pyridin-7--ylcarbamoyl)-cyclohexyl]-carbamic acid tert- 
butyl ester 

A mixture of the amide (f) (387 mg, L5 mmol), cesium carbonate (0.61 g), 
tris(dibenzylideneacetone)dipalladium(0) (27 mg), and rac-2,2'-bis(diphenylphosphino)- 

15 l,l'-binaphthyl (56 mg) in dry dioxan (12 ml) under argon was sonicated for 10 minutes. 
Bromide (k) (321 mg, 1.5 mmol) was added, and the mixture was stirred and heated at 
lOO^C for 24 hours under argon. The mixture was cooled, centrifiiged, then the 
supernatant ev^orated and chromatographed on silica gel, eluting with dichloromethane, 
then 0-10% methanol hi ethyl acetate affording a solid (495 mg, 84%). 

20 MS (+ve ion electrospray) m/z 392 CMH+). 

(m) 4-Amino-l-hydroxy-cyclohexanecarboxylic acid thieno[3,2-b]pyridin-7-ylamide 

A solution of carbamate (1) (490 mg, 1.25 mmol) in dichloromethane (7.5 ml) was 
treated with trifluoroacetic acid (7.5 ml). After 2 hours the mixture was evaporated, 
25 azeotroping with toluene.The residue was partitioned between ethyl acetate and saturated 
aqueous sodium hydrogen carbonate solution. The organic extract was dried and 
evaporated affording a yellow solid (167 mg, 45%). 
MS (+ve ion electrospray) m/z 292 (MH+). 

30 (n) Title compound 

A mixture of amine (m) (167 mg, 0.57 mmol) and aldehyde 0) (111 mg, 0.57 
mmol) in methanol/DMF/acetic acid (7 ml/7 ml/0.7 ml) was treated with 3A molecular 
sieves and heated at 80^C for 1.5 hours. The mixture was allowed to cool to room 
temperature then sodium cyanoborohydride (72 mg, 1.15 mmol) was addded. The mixture 

35 was stirred at room temperature ovemight, acidified briefly with 5M hydrochloric acid 
(0.5 ml) then partitioned between ethyl acetate and saturated aqueous sodium hydrogen 
carbonate solution. The organic extract was dried and evaporated affording a yellow solid. 
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The residue was chromatographed on silica eluting with a 0-20% methanol in ethyl 
acetate gradient affording the free base of the title compound as a white solid (171 mg, 
71%). 

iHNMR 8(CD30D) 8.55 (IH, d), 7.96 (2H, m), 7.70 (IH, d), 7.50 (IH, d), 7.05 (IH, d), 
5 3.90 (2H, s), 3.50 (2H, s), 2.70 (IH, m), 2.10-1.60 (8H, m) 
MS (+ve ion electrospray) m/z 470 (MH+). 

This material was dissolved in chloroform/methanol (3 nil/3 ml) and treated with 
IM HCl in ether (2 ml) with vigorous shaking. The resulting white solid was isolated by 
centrifugation and dried under vacuum to provide the title compound (119 mg). 

10 

Example 2 l-Hydroxy-/-4-[(3-oxo-3,4-dihydro-2H -pyrido[3,2-b][l,4]thiazin-6- 
ylmethyl)-amino]-r-cyclohexanecarboxylic acid(2,3-dihydro-Il,4]dioxinoI2,3- 
blpyridin-8-yl)-amidedihydrochloride 

15 (a) 8-Bromo-2,3-dihydro-[l,4]dioxino[2,3-b]pyridine 

A solution of 2,3-dihydro-[l,4]dioxuio[2,3-b]pyridme (prepared by the method of 
H. Neunhoffer et ah Chem., Ber., 1990, 123 (12), 2453) (1 .37g, 10 mmol) in 
tetrahydrofuran (20 ml) under argon at -78^0 was treated over 15 minutes with a solution 
of n-butyl lithium (20 mmol) m tetrahydrofuran (8 ml). After 30 minutes a solution of 

20 l,2-dibromo-l,l,2,2-tetrafluor0"ethane (2.6g, 10 mmol) in tetrahydrofuran (10 ml) was 
added dropwise over 5 mmutes. After a further 30 minutes the cooling bath was removed 
and saturated aqueous ammoniimx chloride (20ml) and ether (20 ml) were added. The 
imxture was allowed to warm to room temperature then partitioned between ether/water. 
The organic extract was washed with half-saturated brine, dried and evaporated. The 

25 residue was chromatographed on silica eluting with a 0-30% gradient of ethyl acetate in 
dichloromethane affording a yellow solid (1 . Ig, 51%). 
MS (+ve ion electrospray) m/z 217 (MH+). 

(b) [4-(2,3-Dihydro-[l,4]dioxino[2,3-b]pyridin-8-ylcarbamoyl)-4-hydroxy-cyclohexyl]- 

30 carbamic acid tert-butyl ester 

This was prepared from bromide (a) (432 mg) and amide (If) (516 mg) by the 
procedure of Example (11) affording a yellow soUd after chromatography (105 mg, 13%). 
MS (+ve ion electrospray) m/z 394 (MH+). 
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(c) 4-Ainino-l-hydroxy-cyclohexanecarboxylic acid (2,3-dihydro-[l,4]dioxino[2,3- 
b]pyridin-8-yl)-ainide 

This was prepared from carbamate (b) (105 mg) by tiie procedure of Example 
5 (Im) with the exception that the cmde material was subjected to chromatography on silica 
eluting with a 0-30% methanol in ethyl acetate gradient affording an oil (25 mg, 32%). 
MS (+ve ion electrospray) miz 394 (MH+). 

(d) Title compoimd 

10 This was prepared from amine (c) (25 mg) and aldehyde (Ij) (16 mg) according to 

the procedure of Example (In) affording the free base of the title compound as a white 
soUd(4mg, 10%). 

iHNMR 6(CD30D) 7.95 (IH, d), 7.75 (IH, d), 7.65 (IH, d), 7.07 (IH, d), 4.45 (2H, m), 
4.38 (2H, m), 4.10 (2H, s), 3.52 (2H, s), 2.80 (IH, m), 2.10-1.60 (8H, m) 
1 5 MS (+ve ion electrospray) m/z 472 (MH+). 

The free base was converted into the dihydrochloride salt by the procedure of 
Example 1 affording a white solid (5 mg). 

Example 3 trans-4-l(3-Oxo-3,4-dHiydro-2H-pyrido[3,2-bl[l,41thiazin-6-ylmethyl>- 
20 amino]-cyclohexanecarboxylic acid qiiinolin-4-ylamide dihydrochloride 




(a) trans-(4-Carbamoyl-cyclohexyl)-carbamic acid tert-butyl ester 

A solution of trans-4-tert-butoxycarbonylamino-cyclohexanecarboxylic acid (15g, 
61.7 mmol) and 1-hydroxysuccinimide (76g, 61.7 mmol) in ethyl acetate (200 ml) was 

25 treated with a solution of dicyclohexylcarbodiimide (12.7g, 61.7 mmol) in ethyl acetate 
(50 ml). After stirring ovemight the mixture was filtered and evaporated affording a 
yellow solid. This was redissolved in tetrahydroftiran (300 ml) and treated gaseous 
ammonia was bubbled through the solution for 15 minutes. Filtration afforded a white 
solid which was stirred in water (200 ml) for 1 hour. Filtration and drying afforded a 

30 white soUd (1 1 .3g, 76%). 

MS (+ve ion electrospray) m/z 243 (MH+). 
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(b) trans-[4<Quinolin-4-ylcarbainoyl)-cyclohexyl]-carbainic acid tert-butyl ester 

This was prepared from 4-chloroquinoline (0.49g) and amide (a) (0.73g) 
according to the procedure of Example (11) affording a white solid (0.66g, 60%). 
MS (+ve ion electrospray) mJz 370 (MH"^). 

5 

(c) trans-4-Ainino-cyclohexanecarboxylic acid quinolin-4-ylamide 

This was prepared from carbamate (b) (0.65g) according to the procedure of 
Example (Im) affording a white solid (280 mg, 58%). 
MS (+ve ion electrospray) m/z 270 (MH+). 
10 (d) Title compound 

This was prepared from amine (c) (220 mg) and aldehyde (Ij) (160 mg) according 
to the procedure of Example (In) affording the free base of the title compound as a white 
foam (104 mg, 27%). 

iH NMR 6(CDCl3) 9.30 (IH, bs), 9.00 (IH, bs), 8.80 (IH, d), 8.20 (IH, d), 8,15 (IH, d), 
15 8.05 (IH, d), 7.70 (IH, t), 7.60-7.50 (2H, m), 6.95 (IH, d), 3.90 (2H, s), 3.45 (2H, s), 
2.70 (IH, m), 2.20-2.00 (4H, m), 1.80-1.70 (2H, m), 1.40-1.30 (2H, m) 
MS (+ve ion electrospray) m/z 448 (MH+). 

The free base was converted into the dihydrochloride salt by the procedure of 
Example 1 affording a white solid (110 mg). 

20 

Example 4 trans-4-[(3-Oxo-3,4-dihydro-2H-benzo[l,4]thiazin-6-yImethyl)-am^ 
cyclohexanecarboxylic acid isoqumolin-S-ylamide 




(a) 3-Oxo-3,4-dihydro-2H-benzo[l,4]thiazine-6-carboxylic acid 

25 3-Oxo-3,4-dihydro-2H-benzo[l,4]thiazine-6-carboxylic acid methyl ester (6.74 g) 

was suspended in tetrahydrofuran (100 ml) and 2M sodium hydroxide (30 ml) was added 
followed by water (20 ml). The solution was stirred for 2.5 hours, evaporated to half 
volume and acidified with 2M hydrochloric acid. The product was collected, washed with 
water and dried in vacuo, to give a white solid (6.2 g). 

30 MS (-ve ion electrospray) m/z 208 (M-H)' 
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(b) 6-Hydroxymethyl-4H-benzo[l,4]thiazin-3-one 

The acid (a) in tetrahydrofixran (50 ml) and triethylamine (4.7 ml) was cooled to 
0°C and /.sobutylchlorofomiate (4.02 ml) was added dropwise and the solution was stirred 
at O^'C for 2 hours, when it was filtered into a stirred solution of sodium borohydride (3 . 14 
5 g) in ice/water (50 ml). The mixture was stirred at 0°C for 1 hour and allowed to warm to 
room temperature. It was acidified with 2M hydrochloric acid, evaporated to half 
volume, and the resulting product was collected, washed with water and dried in vacuo, to 
give a white solid (4.5 g). 
MS (-ve ion electrospray) m/z 194 (M-H)' 

10 

(c) 3-Oxo-3,4-dihydro-2H-benzo[l,4]thiazine-6-carboxaldehyde 

A stirred solution of the alcohol (b) (3.5 g) in chlorofonn (150 ml) and 
tetrahydrofiiran (300 ml) was treated with manganese dioxide (7.8 g) for 18 hours and 
was filtered and evaporated to give a white solid (2.5 g). 
15 MS (-ve ion electrospray) m/z 1 94 (M-H)" 

(d) Title compound 

This was prepared fix)m trifluoromethane sulphonic acid-isoquinolin-5-yl ester (prepared 
as in D. Ortwme et al, J. Med. Chem., 1992, 35 (8), 1345) and amide 3(a) by the same 
20 methodology as in Example 3, with the exception that aldehyde (c) was used in the final 
reductive alkylation step. 
LC/MS: (ES) m/z 447 (M+H)+. 

Example 5 l.Hyd^oxy-^4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-.b] [l,41thiazm-6- 
25 ylmethyl)-aminol-r-cyclohexaiiecarboxylic acid (2-methoxy-qumolm-8-yl)-amide 




(a) 8-Benzyloxyquinolin-2-ol 

This was prepared by a slight modification of the procedure of Guo et al, Tet Lett, 
1999, 40, 6999. To a stirred solution of 2,8-qumolinediol (4.97 &30.84 mmol) and 1,8- 
30 dia2abicylo[5.4.0]undec-7-ene (DBU) (40.2 mmol, 6 mL) in isopropyl alcohol (60 mL) 
was added benzyl bromide (3.7mL,30.84 mmol). The solution was heated at reflux 
overnight. The reaction mixture was allowed to cool and then concentrated in vacuo. 
The resulting residue was diluted with CH2CI2 and washed with 0.5 N NaOH, 10% HCl 
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and water and dried over Na2S04. Concentration provided 6 g (77%) of a tan solid , 
which was used without further purification. 
LC/MS: (ES) in/z 252 (M+H)+ 

5 (b) 8-Benzyloxy-2-methoxyquinoline 

8-Benzyloxyquinolin-2-ol (a) (6 g, 23.9 mmol) was added to POCla (45 mL) and 
heated with stirring at 80 X for 10 hours. The reaction was allowed to cool to room 
temperature and the excess POCI3 was decomposed by slowly pouring the mixture into 
water at 30 **C, The product was then extracted into toluene and the combined organic 

10 layers were w^ashed with saturated aqueous NaHCOs and dried over MgS04. 

Concentration provided 6.9 g of a coloriess oil which was dissolved in toluene (lOmL) 
and added to a stirred 25 wt% solution of NaOMe in MeOH (50 mL). The reaction 
solution was heated overnight at 70 ^C. After cooling to room temperature, the reaction 
solution was poured onto ice and extracted with toluene. The combined organic extracts 

1 5 were dried (MgS04) and concentrated in vacuo to give a colorless oil (6. 14 g, 92%). 
LC/MS: (ES)w/z266(M+H)+ 

(c) 1,1,1-Trifluoromethanesulfonic acid 2-methoxyquinolin-8-yl ester 

8-Benzyloxy-2-methoxyquinoline (b) (6.14 g, 23 mmol) was dissolved in EtOH 
20 (50 mL) and treated with 10% Pd/C (600 mg). The reaction mixture was hydrogenated 
under an H2 atmosphere (20 psi) in a Parr shaker apparatus for 3.5 hours. The reaction 
was filtered and concentrated to give 3.8 g (96%) of a coloriess oil. This was dissolved in 
DMF (40 mL) and treated with triethylamine (3.6 mL, 25.8 mmol) and N- 
phenyltrifluoromethanesulfonimide (8.54 g, 23.9 mmol). The reaction mixture was 
25 heated with stirring at 40 °C for 8 hours. Upon cooling to room temperature, aqueous 
K2CO3 solution was added and the product was extracted into CH2CI2. The combined 
organic extracts were washed with water (5x75 mL), dried (Na2S04) and concentrated to 
give 6.8 g (100%) of a light tan crystalline solid. 
LC/MS: (ES)w/2 308(M+H)+ 

30 

(d) [r-4-Hydroxy-4<2-methoxyquinolin-8-ylcarbamoyl)-c-cyclohexyl]carb^^ acid tert- 
butyl ester 

A flask containing amide (If) (847mg, 3.28 mmol), rac-2,2'- 
bis(diphenylphosphino)-l,r-binaphthyl (133mg, 0.21 mmol) and CS2CO3 (1.33 g, 4.1 
35 mmol) in dioxane (30 mL) was flushed with N2. To this was added Pd2(dba)3 (63 mg, 
0.07 mmol) and the reaction solution was sonicated for 10 min as the color changed firom 
purple to brown. A solution of 1,1,1-trifluoromethanesulfonic acid 2-methoxyquinolin-8- 
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yl ester (c) (1 .09 g, 3.54 mmol) in dioxane (1 5 mL) was then added. The reaction mixture 
was heated with stirring at 100 °C for 18 hours. Upon cooling to room temperature, the 
reaction mixture was filtered throu^ ceUte® and concentrated. The product was purified 
on an BCO Combiflash® automated column chromatogrq)hy unit (silica, 0% to 10% 
5 MeOH/EtOAc) to provide 846 mg (65%) of the desired product as a pale yellow solid. 
LC/MS: (ES)»i/z416(M+H)+ 

(e) /-4-Ainino-l-hydioxy-r-cyclohexanecarboxylic acid (2-methoxyquinoUn-8-yl)amide 
dihydrochloride 

10 A solution of (d) (1 34 mg, 0.32 nunol) in CH2CI2 (10 mL) was cooled to 0 °C. 

To this was added 4M HCl/dioxane (1.57 mL, 6.28 mmol) in one portion and the reaction 
solution was stirred at room temperature for 5 hours. The reaction solution was filtered 
and the solids washed with ether and dried under vacuum to provide a pale yellow solid 
(65 mg). 

15 LC/MS: (ES) Wz 316 (M+H)+ 

(f) Title compound 

The dihydrochloride salt (e) (55 mg, 0.14 nmiol), aldehyde (Ij) (50 mg, 0.25 
mmol), tiiethylamine (0.10 mL, 0.72 mmol), DMF (0.5 mL), HOAc (0.5 mL) and MeOH 

20 (7 mL) were combined together and stirred m the presence of 3 A molecular sieves for 3 
hours at 80 °C and then at room temperature overnight. NaCNBHs (54 mg, 0.86 mmol) 
was added and the reaction mixture was stirred at room temperature for 24 hours. The 
reaction mixture was diluted with 10% MeOH/CHCls and aq Na2C03 was added. The 
aqueous layer was extracted with 10% MeOH/CHCls (4X) and the combined organic 

25 extracts were dried (Na2S04). The product was purified on an ISCO Combiflash® 

automated column chromatography unit (siHca, 0% to 10% MeOH/CHCls) to provide 31 
mg (45%) of the title compound as a white solid, 

iHNMR (400 MHz) 5 1.80-2.10 (m, 8H), 3.10 (m, IH), 3.51 (s, 2H), 4.09 (s, 3H). 4.18 
(s, 2H), 6.95-6.98 (d. IH), 7.04-7.07 (d, IH), 7.30-7.35 (t, IH). 7.48-7.50 (d, IH), 7.73- 
30 7.75 (d, IH), 8.09-8.1 1 (d, IH), 8.56-8.58 (d, IH). 
LC/MS: (ES) m/z 494 (M+H)+. 

Example 6 4-[(3,4-Dihydro-2H-pyrido[3,2-b] [l,4]thiazin-6-yImethyl)-amino]-l- 
hydroxy-cyclohexanecarboxylic acid (2-methoxy-qumoIiii-8-yl)-amide 
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(a) (3,4-Dihydro-2H-pyrido[3,2-b][l,4]thiazme-6-yl)-methanol 

A solution of methyl 3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thiazine-6- 
carboxylate (Ig) (1.0 g) in diy tetrahydrofuran (170 ml) was treated with a IM solution of 
5 lithium aluminium hydride in ether (14 ml) and the mixture was heated under reflux for 
18 hours. It was cooled and a sUght excess of 2N sodium hydroxide was added followed 
by chloroform and anhydrous sodium sulphate and the mixture was stirred for 30 minutes 
and filtered. The solution was evaporated to dryness to give a semi-solid (0.482 g). 
MS (APCI+) m/z 183 (MH+). 

10 

(b) 3,4-Dihydro-2H-pyrido[3,2-b][l,4]thiazine-6-carboxaldehyde 

The alcohol (a) (0.482 g) in (by dichloromethane (50 ml) was stirred with 
manganese dioxide (1.2 g) for 18 hours and the mixture was filtered. The filtrate was 
evaporated and chomatographed on silica gel, eluting with methanol-dichloromethane 
15 (1 :50) to afford a yellow solid (0.24 g) . 
MS (APCI+) m/z 181 (MH+). 

(c) Title compound 

Dihydrochloride salt (5e) (65 mg, 0.16 nmiol), aldehyde (b) (75 mg, 0.42 mmol), 
20 triethylamine (0.15 mL, 1.08 mmol), DMF (0.5 mL), HOAc (0.5 mL) and MeOH (7 mL) 
were combined together and stured in the presence of 3 A molecular sieves for 3 hours at 
80 "C and then at room temperature overnight NaCNBHs (47 mg, 0.75 mmol) was 
added and the reaction mixture was stirred at room temperature for 24 hours. The 
reaction mixture was diluted with 10% MeOH/CHCls and aq Na2C03 was added. The 
25 aqueous layer was extracted with 10% MeOH/CHCls (4X) and the combined organic 
extracts were dried (Na2S04). The product was purified on an ISCO Combiflash® 
automated column chromatography unit (siUca, 0% to 10% MeOH/CHCls) to provide 70 
mg (92%) of the title compound as a pale yellow solid. 
iH NMR (400 MHz) 5 1.77-2.08 (m, 8H), 2.71 (m, IH), 2.89-2.91 (m, 2H), 3.66-3.67 
30 (m, 2H), 3.76 (s, 2H), 4.00 (s, 3H), 5.38 (br s, IH). 6.40-6.42 (d, IH), 6.8 1-6.83 (d, IH), 
7.08-7.10 (d, IH), 7.24-7.28 (t, IH), 7.33-7.35 (d, IH), 7.87-7.89 (d, IH), 8.61-8.63 (d. 
IH) 10.92 (s, IH). 
LC/MS: (ES)m/z480(M+H)+. 
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Example 7 6-({4-Hydroxy-4-[2-(2-methoxy-quinolm-8-yl)-ethyI]-cycIohexyIainino}- 

methyl)-4H-pyrido[3^-b](l,41oxazin-3-one 

p 

5 (a) (r-4-Hydroxy-4-trime%lsilanyl-c-cyclohexyO acid /er/-butyl ester 

A stirred solution of trimettiylsayl acetylene at -78 ^'CC 4.14 g, 0.042 mol) in THF 
(60 mL) was treated with n-butyl lithium (29 mL, 0.042 mol; 1 .6 M solution in THF). 
The resulting mixture was stirred at -78 ""C for 1 5 min. A solution of N-4-Boc- 
aminocyclohexanone (3 g, 0.014 mol) in THF (120 mL) was added dropwise over a 

10 period of 30 min. The resulting mixture was stirred at -78 °C for 1 hour and then allowed 
to slowly warm to room temperature over 1 hour. The reaction was quenched with a 
saturated aqueous solution of ammonium chloride, diluted with EtOAc and washed with 
saturated aqueous NaHCOs solution, H2O, and saturated aqueous NaCl solution. The 
organic extract was dried over MgS04 and concentrated to yield the title compound as an 

15 off-white foam (4.38 g, 100%). 
MS (ES)m/z312(M + H)+ 

(b) (M-Ethynyl-4-hydroxy-r-cyclohexyl)carbamic acid tert-hM\y\ ester 

A solution of (a) (4.38 g, 0.014 mol) in MeOH (50 mL) was treated with K2CO3 
20 (5.83 g, 0.42 mol) and stirred at room temperature for 3 hours. The solvent was removed 
in vacuo and the residue was partitioned between EtOAc and aqueous NaCl, and the 
organic layer was dried (MgS04) and concentrated to yield an oil (2.7 g, 89%). 
MS (ES) m/z 240 (M + H)+ 

25 (c) [r-4-Hydroxy-4-(2-methoxyquinoline-8-ylethynyl)-c-cyclohexyl]carbamic acid ten- 
butyl ester 

A solution of (b) (500 mg, 2.09 nunol) and triflate (5c) (656 mg, 2.13 mmol) in a 
1 : 1 mixture of triethylamine and DMF (10 mL total volume) was treated with 
(Ph3P)2PdCl2 (60 mg; 4% mol) and Cul (32 mg, 8% mol). The resulting mixture was 
30 heated with stiiring at 70 for 24 hours. The solvent was removed under reduced 
pressure and the residue was partitioned between CH2CI2 and aqueous NaCl, and the 
organic layer was dried (MgS04), and concentrated in vacuo. The resulting oil was 
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purified by flash column chromatography on silica gel (gradient: 20-50% EtOAc/hexane) 
to afford a yellow foam (635 mg , 82%). LC/MS: MS (ES) m/z 397 (M + H)+. 

(d) {r-4-Hydroxy4-[2-(2-methoxyqmnolin--8-yl)ethyl]-c-cyclohexyl}caibamic acid tert- 
5 butyl ester 

A solution of (c) (635 mg, 1.6 mmol) in MeOH (10 mL) was treated with 10% 
Pd/C (65mg) and hydrogenated in a Parr bottle for 6 h at 40 psi. The solution was filtered 
through a plug of celiteCS, and the filter pad was washed with MeOH. The filtrate was 
concentrated to yield the title compound (608 mg, 95%) as a Ught yellow foam. 
10 LC/MS: (ES) m/z 401 (M + H)+. 

(e) ^-4-Amino-r-l -[2-(2-methoxyquinolin-8-yl)ethyl]cycIohexanol trifluoroacetate 

A stirred solution of (d) (600 mg, 1.5 mmol) in CH2CI2 (5 mL) was treated with 
trifluoroacetic acid (L16 mL, 15 mmol ). The solution was allowed to stir for 1 hour at 
1 5 room temperatiwe and then concentrated under reduced pressure. MeOH was added and 
the solution was again concentrated to afford a solid (1.06 g) 
LC/MS: (ES) m/z 301 (M + H)+ 

(f) 2-'Bromo-5-hydroxy-6-nitropyridine 

20 3-Hydroxy-2-nitropyridine (20 g, 0. 143 mole) was dissolved in methanol (400 

mL) and a solution of 25% sodium methoxide in methanol (33 mL, 0.13 mole) was added 
at room temperature. The mixture was stirred for 30 min, then was cooled to 0 °C, and 
bromine (7.2 mL, 0.14 mole) was added slowly. The reaction was then stirred at 0 °C for 
30 min, then was quenched with glacial AcOH (2.5 mL). The solvent was removed in 

25 vacuo to afford material (30 g, 96%), which was used without further purification. 
MS (ES) m/z 219.0 (M + H)t 

(g) Elhyl (6-bromo-2"nitro-pyridin-3-yloxy)acetate 

The hydroxypyridine (f) (30 g, 0.14 mole) was suspended in acetone (200 mL), 
30 and potassium carbonate (39 g, 0.28 mole) was added, followed by ethyl bromoacetate 
(15.7 mL, 0.14 imnole). The reaction was heated at reflux for 10 hr, then was cooled to 
room temperature and diluted with Et20. The precipitate was removed by suction 
filtration, and the filtrate was concentrated in vacuo to afford material (38 g, 89%), which 
was used without further purification. 
35 MS (ES) m/z 305.0 (M + H)+. 

(h) 6-Bromo-4H-pyrido[3,2-b][l,4]oxazin-3-one 
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The nitropyridine (g) (38 g, 0.125 mole) was dissolved in glacial AcOH (150 mL), 
and iron powder (20 g, 0.36 mole) was added. The mixture was mechanically stirred and 
heated at 90 °C for 5 hr, then was cooled to room temperature and diluted with EtOAc 
(300 mL), The mixture was filtered through a pad of silica gel and the filtrate was 
5 concentrated in vacuo and the residue recrystallized firom MeOH (1 5 g, 52%). 
MS (ES) m/z 229.0 (M + H)+ 

(i) 6-((£)-Styryl)-4Jf-pyrido[3,2-6][l,4]oxazin-3-one 

The bromopyridine (h) (6.0 g, 26.3 mmole) and ^riznj-2-phenylvinylboronic acid 

10 (3.9 g, 26.3 mmole) were dissolved in 1,4-dioxane (150 mL) and the solution was 

degassed with argon. (Ph3P)4Pd (230 mg, 0.2 mmole) was added, followed by a solution 
of potassium carbonate (6.9 g, 50 mmole) in H2O (20 mL). The reaction was heated at 
reflux under argon overnight, then was cooled to room temperature and diluted with 
EtOAc (200 mL). The solution was washed sequentially with H2O and brine, dried 

1 5 (Na2S04), and concentrated in vacuo. The solid residue was purified by flash 

chromatogr^hy on silica gel (5-10% EtOAc/CHCls) to afford a solid (2.5 g, 38%). 
MS (ES) m/z 253,0 (M + H)+ 

(j) 3"OxoO,4-dihydro-2JT-pyrido[3,2-fe][l,4]oxazine-6-carboxaldehyde 
20 The pyridine (i) (1 .2 g, 4.8 mmole) was dissolved in CH2CI2 (200 mL) and the 

solution was cooled to -78 °C. Ozone was bubbled through the solution with stirring until 
a pale blue color appeared, then the excess ozone was removed by bubbling oxygen 
through the solution for 15 min. Dimethylsulfide (1 .76 mL, 24 mmole) was added to the 
solution, and the reaction was stured at -78 °C for 3 hr, then at room temperature 
25 overnight. The solvent was removed in vacuo, and the residue was triturated with Et20 
(50 mL). The collected solid was washed with additional Et20 and dried to afford a solid 
(700mg,82%). 
MS (ES) m/z 179.0 (M + H)+. 

30 (k) Title compound 

Amine trifluoroacetate (e) (270 mg, 0.51 mmol) was added to a stirred solution of 
aldehyde 0) (100 mg, 0.561 mmol) dissolved in DMF (3 mL) and MeOH (2 mL). 
NaHC03 (214 mg, 2.55 mmol) was added to the reaction mixture and the solution was 
allowed to stir at 80 °C for 16 hours. The solution was cooled to 0 ''C and sodixnn 

35 borohydride (0.042 g, 1.12 mmol) was added. The reaction was stirred at ambient 

temperature for 4 hours. The reaction mixture was partitioned between ethyl acetate and 
water. The organic layer was washed with water (2X) and brine, dried (Na2S04) and 



-56- 



wo 2004/002992 



PCT/EP2003/0067S6 



concentrated. Purification using flash column chromatography on siUca gel (90: 10: 1 
CHCis/MeOH/NHLjOH) provided the title compound (92 mg, 39%) as a light yellow 
foam. 

iH NMR (400 MHz, CDCI3) 5 7.95 (d, IH); 7.55 (d. IH); 7.48 (d, IH); 7.29 (t, IH); 7.18 
(d, IH); 6.93 (d, IH); 6.88 (d, IH); 4.61 (s. 2H); 4.06 (s, 3H); 3.86 (s, 2H); 3.25 (m, 2H); 
2.52 (m, IH); 1.89 (m, 2H); 1.79 (m, 2H); 1.76 (m, 2H); 1.59 (m, 2H); 1.43 (m, 2H). 
LC/MS: (ES)»i/z465(M + H>4- 



10 



15 



Example 8 6-({4-Hydroxy-4-[2-(2-methoxy-^iiiiiolin-8-yl)-ethyl]-cyclohexylaniino}- 
methyl>4H-pyrido[3^-b][l,4]thiazin-3-one 




The title compound was prepared in 57% purified yield according to the method 
described for (7k) above, substituting the carboxaldehyde with 3-oxo-3,4-dihydro-2ff- 
pyrido[3,2-b][l,4]thiazine-6-carboxaldehyde (Ij) affording a lig^t yellow foam. 
iR NMR (400 MHz, CDCI3) 5 7.95 (d, IH); 7.55 (d, IH); 7.48 (d, IH); 7.29 (t, IH); 7.18 
(d, IH); 6.93 (d, IH); 6.88 (d, IH); 4.61 (s, 2H); 4.06 (s, 3H); 3.86 (s, 2H); 3.25 (m, 2H); 
2.52 (m, IH); 1.89 (m, 2H); 1.79 (m, 2H); 1.76 (m, 2H); 1.59 (m, 2H); 1.43 (m, 2H). 
LC/MS: (ES)/n/z479(M+H>1- 



20 



25 



Example 9 (lR,3S,4R>-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H -pyridop^- 

b] [l,4]oxazui-6-ylmethyl)-amuio]-cyclohexanecarboxylic acid (2-cyano-quiiiolin-8- 




yl)-amide hydrochloride 

(a) (l/?,45,5i?)-4-Bromo-6-oxabicyclo[3.2. l]octan-7-one 

(R)-Cyclohex-3-enecarboxylic acid, 98.2% e.e, (2.30 g, 18.2 mmol) [Schwartz et 
al, J. Am. Chem. Soc, 100, 5199, (1978)] was reacted with trimethylsilyl bromide (3.01 
mL, 22.8 mmol), DMSO (1.62 mL) andiV,N-diisopropylethylamine (3.97 mL, 22.8 
mmol) [by the method of Iwata et al, Heterocycles., 31, 987 (1990)] to give a white solid, 
(2.13 g, 57%). 
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8h (CDCI3) 1.68 (IH, m), 1.86 (IH, d), L98-2.02 (IH, m), 2.20 (IH, m), 2.42 (IH, m), 
2.50-2.56 (IH, m), 2.73 (IH, br s), 4.15 (IH, dd), 4.91 (IH, d). 

(b) (li?,3i?,45)-4-Bromo-3-hydroxy-cyclohexanecarboxylic acid amide 

5 (l/i,45',5i?>4-Bromo-6-oxabicyclo[3,2. l]octan-7-one (a) (2. 13 g, 10.4 mmol) was 

taken up in THF (20 mL) and treated with 0.88 anunonia (5.3 mL) at 20°C for 24 hours 
with stiiring. The solvent was then removed in vacuo to give a white solid (2.31g). 
8h (CD3OD) 1.63 (IH, dd), 1.73-1.80 (IH, m), 1.85-2.03 (3H, m), 2.16-2.21 (IH, m), 
2.36 (IH, tt), 3.54 (IH, dt), 4.55 (IH, bs) 

10 

(c) (li?,3i2,4i?)-4-Azido-3-hydroxy-cyclohexanecarboxylic acid amide 

(li?,3iJ,45)-4-Bromo-3-hydroxy-cyclohexanecarboxylic amide (b) (2.31 g, 10.4 
mmol) was treated with sodium azide (1 .35 g, 20.8 mmol) in DMF (100 mL) at 60°C for 
15.5 hours. The solvent was removed in vacuo and the residue purified by flash column 
15 chromatography (Silica gel, DCM:MeOH 0-10%) to give a white solid (1 .09 g, 5.93 
mmol, 57%). 

5h (CD3OD) 1.30 (IH, dq), 1.42-1.56 (2H, m), 1.83 (IH, dt), 1.99-2.08 (2H, m), 2.30 
(IH, tt), 3.16(1H, m), 3.41 (IH, m) 

20 (d) (l/?,3i?,4J?)-4-Amino-3-hydroxy-cyclohexanecarboxylic acid amide, acetate salt 

To (li?,3J?,4i?)-4-azido-3-hydroxy-cyclohexariecarboxylic acid amide (c) (765 mg, 
4.15 mmol) in MeOH/AcOH (9:1, 30 mL) was added Pd/C (10%, 300 mg), and the 
mixture stirred under hydrogen at atmospheric pressure for 22 hours. The mixture was 
filtered through Celite®, the residue washed with MeOH, and the combined organic 

25 extracts concentrated in vacuo to give a white solid (905 mg, 100%). 

8h (CD3OD) 1.42-1.59 (3H, m), 1.87-1.92 (IH, m), 1.92 (3H, s), 2.07-2.14 (2H, m), 2.37 
(IH, m), 2.84 (IH, dt), 3.50 (IH, dt). 

(e) (liZ3i?,4ii)-3-Hydroxy-4-/err-butoxycarbonylammo-cyclohexanecarboxyHc acid 
30 amide 

(li?,3-R,4if)-4-Ammo-3-hydroxy-cyclohexanecarboxylic acid amide, acetate salt 

(d) (905 mg, 4. 15 mmol) was treated with A^^AT-diisopropylethylamine (868 fxL, 4.98 
mmol) and di-fer^-butyl-dicarbonate (1.08 g, 4.98 mmol) in dioxane (30 mL) and MeOH 
(50 mL) fpr 16 hours. The solvent was then removed in vacuo and the residue purified by 

35 flash column chromatography (silica gel, DCMiMeOH 0- 1 0%) to give a white solid (804 
mg, 3.11 mmol, 75%). 
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5h (CD3OD) 1.18-1.32 (IH, m), 1.44 (9H, s), 1.43-1.55 (2H, m), 1.81 (IH, d), 1.98 (IH, 
bd), 2.09 (IH, d), 2.29 (IH, m), 3.22 (IH, dt), 3.33 (IH, dt). 

(f) 4-Nitrobenzoic acid (lS,2i?,5i?>2-rerr-butoxycarbonylamino-5-carbamoyl-cycl^^ 
5 ester. 

To (li?,3i?,4J?)-3-hydn)xy-4-terr-butoxycarbonylamino-cyclohexan^ 
acid amide (e) (2.78 g, 10.8 mmol), joara-nitrobenzoic acid (2.16 g, 12.9 imnol) and 
triphenylphosphine (3.38 g, 12.9 mmol) in dry THF (200 mL) and DMF (25 mL) under 
argon was added dropwise diisopropyl azodicarboxylate (2.5 mL, 12.9 mmol) at O^'C. 
10 After 5 min at 0*^0 and 17 hours at room temperature, the mixture was concentrated in 
vacuo and the residue purified by flash column chromatogr^hy (silica gel, DCM/MeOH, 
0-4%) to give a white solid (2.36 g, 5.8 mmol, 54%). 

5h (CD3OD/CDCI3) 1.41 (9H, s), 1.62-1.74 (IH, m), 1.804.92 (3H, m), 1.98-2,03 (IH, 
m), 2.18-2.22 (IH, m), 2.58-2.66 (IH, m), 3.64-3.73 (IH, m), 5.55 (IH, br s), 8.31 (2H, 
15 d), 8.35 (2H, d) 

m/z(ES^)430(MNa'^. 

(g) (li^,3iS;4i^)-3-Hydroxy-4-/er^butoxycaIbonylamino-cyclohexanecarboxyl^^ acid 
amide 

20 4-Nitrobenzoic acid (15',2i^,5i^)-2-/er^butoxycarbonylamino-5-ca^bamoy^ 

cyclohexyl ester (f) (3.62 g, 8.9 mmol) in dry MeOH (250 mL) was treated with 
potassium caibonate (1.84 g, 13.3 mmol). After 2 hours at room temperature, the mixture 
was concentrated and the residue purified by flash column chromatography (silica gel, 
DCM/MeOH, 5-15%) to give a white solid (1.62 g, 6.3 mmol, 71%). 

25 5h (CD3OD) 1.44 (9H, s), 1.45-1.55 (IH, m), 1.62-1.72 (3H, m), 1.82-1.88 (IH, m), 1.89- 
1.94 (IH, m), 2.53-2.62 (IH, m), 3.37-3.43 (IH, m), 3.97-3.99 (IH, m) 
w/z(ES"')281(MNa^. 

(h) 1,1,1-Trifluoro-methanesulfonic acid 2-cyano-qumolin-8-yl ester 

30 A solution of 8-hydroxy-quinoline-2-carbonitrile (5g, 29.4 mmol) in 

dichlorometbane (50 mL) was treated witii triethylamine (4.5 mL) then N- 
phenyltrifluoromethanesulfonimide (1 1.5g, 32.3 mmol). After 18 h the mixture was 
washed with water, saturated aqueous sodium chloride solution, dried and evaporated. 
Chromatography on silica eluting with an ethyl acetate/petrol gradient afforded a white 

35 solid (8.0g, 90%). 

MS (+ve ion electrospray) m/z 303 (Mttr*"). 
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(i)[(lR,2S,4R)-4-(2-Cyano-quinolm-8-ylcarbamoyl)-2-hydroxy-c^^^ 
acid tert'hutyl ester 

This was prepared from amide (g) (1 .7g) and triflate (h) (2.0g) by the method of 
Example (11). Chromatography on silica eluting with 0-5% methanol in dichloromethane 
5 afforded a white solid (2.4g, 89%). 

MS (+ve ion electrospray) m/z 41 1 (MHT*"). 

(j) (lR,3S,4R)-4-Amino-3-hydroxy-cyclohexanecart)oxylic acid (2-cyano-qumolin-8-yl)- 
amide 

10 A solution of carbamate (i) (2.4g, 6 mmol) in dichloromethane (50 mL) was 

treated with trifluoroacetic acid (10 mL). After 18 hours the mixture was evaporated and 
partitioned between saturated aqueous sodium bicarbonate solution and 20% 
methanol/dichloromethane. The aqueous phase was twice more extracted and the 
combined extracts dried and evaporated giving a soUd. This was triturated with 

1 5 ether/ethyl acetate (1/1) and filtered, washing with ether, to afford a light brown solid 
(1.25g,61%). 

MS (+ve ion electrospray) m/z 311 (MH^). 
Qa) Title compound 

20 Amine 0) (0.59g, 1.9 mmol) and aldehyde (7j) (0.36g, 2 mmol) were reacted 

together with sodium cyanoborohydride (0.1 6g, 2.5 mmol) according to the procedure of 
Example (In) affording, after workup and chromatography, the free base of the title 
compound as a white solid (0.48g, 54%). 

1h NMR 8(CDCl3) 9.95 (IH, bs), 8.85 (IH, d), 8.28 (IH, d), 7.75 (IH, d), 7.65 (IH, d), 
25 7.52 (IH, d), 7.25 (IH, d), 6.92 (IH, d), 4.65 (2H, s), 4.30 (IH, bs), 4.00 (2H, m), 3.05 
(IH, m), 2.90 (IH, m), 2.35 (IH, m), 2.10 (IH, m), 1.90-1.80 (3H, m), 1.70 (IH, m) 
MS (+ve ion electrospray) m/z 473 (MH+). 

This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.38g). 

30 
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Example 10 l.Hydroxy-r-4-[(3"OXO-3,4-dihydro-2H-pyrido[3,2-bl[l,41thiazin-6- 

ylmethyl)-ainiiiol-r-cyclohexanecarboxyIic acid (2-cyano-qumolin-8-yI)-amide 

O 

J. ? 




dihydrochloride 

(a) [4-(2-Cyano-qumolin-8-ylcarbamoyl)-4-r-hydroxy-c-c^^^ acid tert' 

5 butyl ester 

This was prepared from amide (IQ and triflate (9h) according to the procedure for 
Example (11) affording a solid. 
MS (+ve ion electrospray) m/z 41 1 (MH+). 

10 (b) t-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide 
This was prepared from carbamate (a) by the procedure of Example (Im). 
MS (+ve ion electrospray) m/z 311 CMH+). 



(c) Title compound 

15 Amine (b) (O.lg, 0.32 mmol) and aldehyde (Ij) (0.06g, 0.32 rmnol) were reacted 

together with sodium cyanoborohydride (O.lg) according to the procedure of Example 
(In) affording, after workup and chromatogn^)hy, the free base of the title compound as a 
white solid (0.09g, 56%). 

iH NMR 5(CDCl3) 11.00 (IH, bs), 8.90 (IH, d), 8.28 (IH, d), 7.72 (IH, d), 7.66 (IH, t), 
20 7.55 (2H, m), 6.95 (IH, d), 3.93 (2H, s), 3.50 (2H, s), 2.70 (IH, m), 2.30-1.90 (6H, m), 
1,70 (2H,m) 

MS (+ve ion electrospray) m/z 489 (MH+). 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white soUd (0.09g). 



25 



Example 11 l-Hydroxy-r-4-[(3-oxo-3,4-dibydro-2H-pyridoI3,2-blIl,41oxazm-^ 
)imethyI)-aminol-i^cyclohexanecarboxylic add (2-cyano-quinoIin-8-yl>amide 



hydrochloride 
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This was prepared from amine (10b) (0.62g) and aldehyde (7j) (0.36g) according 
to the reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compound as a white solid (0,28g, 30%). 
iHNMR 5(CDCl3) 11.00 (IH, bs), 8.85 (IH, d), 8.25 (IH, d), 7.70 (IH, d), 7.60 (IH, t), 
5 7.50 (IH, d), 7.20 (IH, d), 6.95 (IH, d), 4.65 (2H, s), 3.95 (2H, s), 2.75 (IH, m), 2.20- 
1.90 (6H,m), 1.80 (2H,m) 
MS (+ve ion electrospray) miz 473 (MH+). 

This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.23g). 

10 

Example 12 (lS,3R,4S)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H -pyrido[3,2- 

b] [l,4]thiazin-6-ylmethyl)-ammol-cydohexanecarboxylic acid (2-cyano-quuioIui-8- 

yl)-amide hydrochloride 




15 (a) (1 S,3R,4S)-4-Amino-3-hydroxy-cyclohexanecarboxylic acid 2-cyano-quinolin-8-yl)- 
amide 

This was prepared from (S)-cyclohex-3-enecarboxylic acid [Schwartz et aly J. Am. 
Chem. Soc, 100, 5199, (1978)] by the analogous chemistry used to prepare amine (9j). 
MS (+ve ion electrospray) m/z 31 1 (MH"^). 

20 

(b) Title compound 

This was prepared from amme (a) (310 mg) and aldehyde (Ij) (194 mg) by the 
reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compound as a white solid (247 mg). 
25 iH NMR 5(CD30D) 8.70 (IH, d), 8.47 (IH, d), 7.85 (IH, d), 7.75-7.65 (3H, m), 7.05 
(IH, d), 4.30 (IH, bs), 4.15 (IH, d), 4,05 (IH, d), 3.52 (2H, s), 3.10 (IH, m), 2.97 (IH, 
m), 2.25 (IH, m), 2.15 (IH, m), 2.00-1.80 (3H, m), 1.70 (IH, m) 
MS (+ve ion electrospray) m/z 489 (MH+). 

This material was converted into the hydrochloride salt by the method of Example (1) 
30 affording the title compound as a white solid (0.25g). 
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Example 13 (lS,3R,4S)-3-Hydroxy-4-I(3-oxo-3,4-dihydro-2H -pyrido[3,2- 
b][l,4]oxazin-6-ylmethyl)-ainmo]-cyclohexanecarboxylic acid (2-cyano-quinoliii-8- 
yl)-aiiude hydrochloride 




5 This was prepared from amine (12a) (310 mg) and aldehyde (7j) (180 mg) by the 

reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compound as a white solid (241 mg). 
iH NMR 5(CD30D) 8.75 (IH, d), 8.52 (IH, d), 7.92 (IH, d), 7.72 (2H, m), 7.30 (IH, m), 
7.05 (IH, d), 4.65 (2H, s), 4.30 (IH, m), 4.00 (IH, d), 3.95 (IH, d), 3.15 (IH, m), 2.95 

10 (IH, m), 2.00-1.80 (3H, m), 1.70 (2H, m) 
MS (+ve ion electrospray) m/z 473 (MH+). 

This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0,17g). 

15 Example 14 (lR,3R,4R)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H -pyrido(3^- 

b] [1,4] thiaziii-6-ylmethyl)-aminol-cyclohexanecarboxylic acid (2-cyano-quinolin-8- 
yl)-amide hydrochloride 




(a) [(lI^2R,4R)-4-(2-Cyano-quinolin-8-ylcarbamoyl)-2-hydroxy<yclohexyl]-c^^ 

20 acid tert-hntyl ester 

This was prepared from amide (9e) (1 .7g) and triflate (9h) (2,0g) by the method of 
Example (11). Chromatography on silica eluting with 2-5% methanol in dichloromethane 
afforded a white solid (2.0g, 74%). 
MS (4-ve ion electrospray) m/z 41 1 (MH^). 

25 

(b) (lR,3R,4R>4-Amino-3-hydroxy-cyclohexanecarboxylic acid 2-cyano-quinolin-8-yl)- 
amide 
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A solution of carbamate (a) (2.0g, 6 mmol) in dichloromethane (50 mL) was 
treated with trifluoroacetic acid (10 mL). After 18 hours the mixture was evaporated and 
partitioned between saturated aqueous sodium bicarbonate solution and 20% 
methanol/dichloromethane. The aqueous phase was twice more extracted and the 
5 combined extracts dried and evaporated giving a brown solid. This was chromatographed 
on silica eluting with 0-30% methanol in dichloromethane afifording a white solid (1.3g, 
84%). 

MS (+ve ion electrospray) m/z 3 1 1 (MH"^). 

10 (c) Title compound 

This was prepared from amine (b) (630 mg) and aldehyde (Ij) (388 mg) by the 

reductive alkylation procedure of Example (In) affording, after workup and 

chromatography, the free base of the title compound as a white solid (636 mg, 65%). 

iHNMR 6(CDCl3) 9.52 (IH, bs), 8.85 (IH, d), 8.28 (IH, d), 7.70 (IH, d), 7.65-7.55 (2H, 
15 m), 7.50 (IH, d), 6.95 (IH, d), 4.25 (IH, d), 4.00 (IH, d), 3.85 (IH, m), 3.40 (IH, q), 2.85 

(IH, m), 2.70 (IH, m), 2.40 (IH, m), 2.28 (IH, m), 2.15 (IH, m), 1.85-1.50 (3H, m) 

MS (+ve ion electrospray) m/z 489 (MHH-). 

This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.51g). 

20 

Example IS (lR^R,4R)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2- 
b][l,41thiazin-6-ylmethyI)-ammol-cyclohexanecarboxylic acid (l-cyano-quinolin-S- 
yl)-amide hydrochloride 




25 This was prepared from amine (14b) (630 mg) and aldehyde (7j) (360 mg) by the 

reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compound as a white sohd (575 mg, 61%). 
iHNMR 6(CDCl3) 9.55 (IH, bs), 8.85 (IH, d), 8.28 (IH, d), 7.72 (IH, d), 7.65 (IH, t), 
7.52 (IH, d), 7.20 (IH, d), 6.90 (IH, d), 4.60 (2H, s), 4.18 (IH, d), 3.95 (IH, d), 3.75 (IH, 

30 m), 2.75 (2H, m), 2.40 (IH, m), 2.27 (IH, m), 2.15 (IH, m), 1.85-1.65 (2H, m), 1.55 (IH, 
m). 

MS (+ve ion electrospray) m/z 473 (MH+). 
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This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.43g). 

Example 16 (lR,3S,4R)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2- 
5 b] [1,4] thiazin-6-ylmethyI)-amino]-cyclohexanecarboxylic acid (2-cyaiio-quinolm-8- 




yl)-amide hydrochloride 

This was prepared from amine (9j) (590 mg) and aldehyde (Ij) (388 mg) by the 
reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compound as a white solid (488 mg, 52%). 
10 iH NMR 5(CDCl3) 9.60 (IH, bs), 8.90 (IH, d), 8.30 (IH, d), 7.75 (IH, d), 7.68 (IH, t), 
7.58 (IH, d), 7.52 (IH, d), 6.92 (IH, d), 4.15 (IH, m), 3.95 (IH, d), 3.85 (IH, d), 3.50 
(2H, s), 3.00 (IH, m), 2.75 (IH, m), 2.35 (IH, m), 2.10 (2H, m),1.90-1.70 (3H, m). 
MS (+ve ion electrospray) m/z 489 (MH+). 

This material was converted into the hydrochloride salt by the method of Example (1) 
1 5 affording the title compound as a white solid (0.40g). 

Example 17 l-Hydroxy-M-l(3-oxo-3,4'dihydro-2H-pyrido[3,2-b][l,41oxazia-6- 
yImethyI)-amino]-r-cyclohexanecarboxylic acid (2-methoxy-quinoIin-8-yl)- 

0 

o 




amide 

20 This was prepared from amine dihydrochloride (5e) (140 mg) and aldehyde (7j) 

(80 mg) by the reductive alkylation procedure of Example (5f) affording, after workup 
and chromatography, the title compound as a white solid (92 mg). 
1h NMR 5 (CD3OD) 8.60 (IH, d), 8.10 (IH, d), 7.50 (IH, d), 7.35 (IH, t), 7.20 (IH, d), 
6.90 (2H, m), 4.65 (2H, s), 4.10 (3H, s), 3.95 (2H, s), 2.75 (IH, m), 2.20-1.90 (6H, m), 

25 1.80 (2H,m) 

LC/MS: (ES) m/z 478 (M+H)+. 
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Example 18 l.Hydroxy-/-4-l(3-oxo-3,4.dihydro-2H-pyrido[3,2--b][l,4]oxazia-6- 

ylmethyl>amino]-r-cyclohexanecarboxyIicacid(2-methyl-quinolin-8-yl)-^ 

dihydrochloride 




5 (a) 1,1,1-Trifluoro-methanesulfomc acid 2-methyl-quinolin-8-yl ester 

This was prepared from 2-methyl-quiiiolin-8-ol (7.1g) by the procedure of 
Example (9h) afifording a clear oil (13.4g, 100%). 
MS (+ve ion electrospray) m/z 292 (MH+). 

1 0 (b) {r-4-Hydroxy-4-[2-methylquinolin-8-ylcaibamoyl]-c-cyclohexyl} carbamic acid tert- 
butyl ^er 

This was prepared from triflate (a) (l.Og) and amide (If) (0.9g) according to the 
procedure for Example (11) with the difference that 9,9-dimettiyl- 
4,5bis(diphen)dphosphino)xanthene (XANTPHOS) was used in place of BINAP, 
1 5 affording, after workup and chromatography, a white solid (1 . 1 g, 79%). 
MS (+ve ion electrospray) in/z 400 (MH+). 

(c) ^-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (2-methylqmnolin-8-yl)amide 

This was prepared from carbamate (b) (l.lg) by the same procedure as for 
20 Example (Im) affording a pale yellow solid (0.74g, 91%). 
MS (+ve ion electrospray) m/z 300 (MH+). 

(d) Title compound 

This was prepared from amine (c) (100 mg) and aldehyde (7j) (54 mg) by the 
25 reductive alkylation procedure of Example (In) affording, after workup and 

chromatogr^hy, the free base of the title compound as a white solid (34 mg, 25%). 
1h NMR 5(CDCl3) 1 1.20 (IH, bs), 8.72 (IH, d), 7.95 (IH, d), 7.30 (2H, m), 7.25-7.15 
(2H, m), 6.95 (IH, d), 4.65 (2H, s), 3.95 (2H, s), 2.75 (IH, m), 2.65 (3H, s), 2.20-1.85 
(8H, m). 

30 MS (+ve ion electrospray) m/z 462 (MH+). 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (44 mg). 
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Example 19 l-Hydroxy-r-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b](l,4]thiazm^ 
ylmethyl)-aimno]-r-cyclohexanecarboxylic acid (2-methyl-qumolm-^^^ 
dihydrochloride 




This was prepared from amine (18c) (100 mg) and aldehyde (Ij) (64 mg) by the 
reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compound as a white solid (88 mg, 56%). 
iH NMR 5(CDCl3) 1 1.20 (IH, bs), 8.75 (IH, d), 8.00 (IH, d), 7.58 (IH, d), 7.40 (2H, m), 
10 7.30 (IH, m), 6.98 (IH, d), 3.95 (2H, s), 3.50 (2H, s), 2.75 (IH, m), 2.70 (3H, s), 2,20- 
1.85 (8H,m). 

MS (+ve ion electrospray) m/z 478 (MHH-). 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affordmg ttie title compound as a white solid (96 mg). 

15 

Example 20 (lIUR,4R)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H -pyrido[3,2- 
b][l,4]thiazin-6-ylmethyl)-ammo]-cyclohexanecarboxylic acid (2-methoxy-qumoliii- 
8-yl>-aniide dihydrochloride 




20 (a) [(lR,2R,4R)-2-Hydroxy-4-(2-methoxy-quinolin-8-ylcarbamoyl)-cyclohexyl]-caA 
acid rer/-butyl ester 

This was prepared from triflate (5c) (700 mg) and amide (9e) (620 mg) according 
to the procedure of Example (5d) affording the product as a solid (550 mg, 58%). 
MS (+ve ion electrospray) m/z 416 CMH+). 

25 

(b) (lR,3R,4R>4-Amino-3-hydroxy-cyclohexanecarboxylic acid (2-methoxy-quinolm-8- 
yl)-amide 
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This was prepared from carbamate (a) (550 mg) according to the procedure of 
Example (9j) aflFording a white solid (253 mg). 
MS (+ve ion electrospray) m/z 316 (MH+). 

5 (c) Title compound 

This was prepared from amine (b) (76 mg) and aldehyde (Ij) (47 mg) by the 
reductive alkylation procedure of Example (In) affording, after workup and 
chromatography, the free base of the title compoimd as a white solid (50 mg). 
1h NMR 8(CDCl3) 9.55 (IH, bs), 8,68 (IH, d), 8.00 (IH, d), 7.55 (IH, d), 7.45-7.35 (2H, 
10 m), 6.92 (2H, m), 4.10 (3H, s), 4.05 (IH, d), 3.85 (IH, d), 3.50 (IH, m), 3.40 (2H, s), 
2.50-2.35 (3H, m), 2.20 (2H, m), 1.80-1.55 (2H, m), 1.30 (IH, m) 
MS (+ve ion electrospray) m/z 494 (MH+). 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a pale yellow solid (57 mg). 

15 

Example 21 7-<{i^Hydroxy-4-[2-(2-methoxy-quinoUn-8-yl)-ethy!l-c- 

cycIohexylaiiimo}-methyI)-lH-pyrido[2,3-b]{l,4Ithiazin-2-one 

o 




(a) 6-Methoxycarbonylmethylsulfanyl-5-nitro-nicotinic acid methyl ester 

20 A solution of 6-chloro-5-nitro-nicotimc acid methyl ester (1 .Og) [prepared as 

described by A.H. Berrie et al 7. Chem, Soc, 2590 -2594 (1951)] m dichloromethane (10 
mL) contaming triethylamine (0.76 mL) was treated with mercapto-acetic acid methyl 
ester (0.44 mL) and the solution was stirred at room temperature for 1 hour and 
evaporated to dryness. Sodium bicarbonate solution was added and the mixture was 

25 extracted with dichloromethane, dried (anhydrous sodium sulfate) and evaporated to 
afford a solid (l.Og). 

MS (+ve ion electrospray) m/z 287 (MH+). 

(b) 2-Oxo-2,3-dihydro-lII-pyrido[2,3-b][l,4]thiazine-7-carboxyIic acid methyl ester 

30 The ester (a) (1 .0 g) in acetic acid (50 mL) was treated with iron powder (lOg) and 

the mixture was stirred and heated at 60°C for 1 hour, cooled and filtered. The filtrate was 
evaporated, treated with sodium bicarbonate solution and extracted with warm 
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chloroform. It was dried (anhydrous sodium sulfate) and evaporated to give a white solid 
(0.85g). 

MS (+ve ion electrospray) m/z 225 (MH+). 

5 (c) 2-Oxo-2,3-dihydro-lH-pyrido[2,3-b][l,4]thia2ine-7-c«irboxylic acid 

The ester (b) (2.8g) was hydrolysed with aqueous sodium hydroxide then 
acidified with 2M HCl and filtered to afford a solid (2.5g) by the method of Example 
(Ih). 

MS (-ve ion electrospray) m/z 209 (M-IT). 

10 

(d) 7"Hydroxymethyl-lH-pyrido[2,3-b][l,4]thiazin'-2-one 

The carboxylic acid (c) (2.48g) was reacted with wobutylchlorofonnate and 
sodium borohydride by the method of Example (li) to afford a solid (1.3g), after 
recrystallisation from chloroform-methanol (9:1). 
15 MS (+ve ion electrospray) m/z 197 (MH+). 

(e) 2<)xo-2,3-dihydro-lH-pyri(io[2,3-b][l,4]thiazine-7-carboxaldehyde 

The alcohol (d) (1.22 g) was oxidised with manganese dioxide by the method of 
Example (Ij) to afford a sohd (0.7 g). 
20 MS ("Ve ion electrospray) m/z 1 93 (M-IT). 

(f) Title compound 

This was prepared from amine trifluoroacetate (7e) (0.68g) and aldehyde (e) 
(0.25g) by the reductive alkylation procedure of Example (7k) affording, after workup and 
25 chromatography, the title compound as a white solid (0.31g). 
MS (+ve ion electrospray) m/z 479 (MH+). 

iH NMR 8 (CDCI3) 8.10 (IH, s), 7.95 (IH, d), 7.53 (IH, d), 7.45 (IH, m), 7.35 (IH, t), 
7.20 (IH, s), 6.90 (IH, d), 4.15 (3H, s), 3.85 (2H, s), 3.55 (2H, s). 3.25 (m, 2H); 2.52 (m, 
IH); 1.80 (m, 2H), 1.70-1.40 (m. 8H). 

30 

Example 22 l-Hydroxy-t«4-[(2-oxo-2^-dihydro-lH-pyrido[3,4-b][l,4]oxazin-7- 
y!methyI)-aminol-r-cycIohexanecarboxylic acid (2-methyl-quinolta-8-yl)-amide 
dihydrochloride 
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(a) 5-Hydroxy-2-methylpyridineN-oxide 

5-Hydroxy-2-methylpyridme (25 g) was suspended in chloroform (500 ml) and 
treated with m-chloroperbenzoic acid (57 g of material described by the manufacturer as 
5 57-86% pure). After stirring for 1 hour the solution was dried with MgS04 and poured 
onto a silica column. Elution with EtOAc to remove byproducts and then with 20-50% 
EtOH in EtOAc gave a soUd (27.7g). 
MS (APCI+) miz 126 (Mir^). 

10 (b) 5-Methoxycarbonyhnethoxy-2-methylpyridineN-oxide 

A solution of the pyridine N-oxide (a) (21,12 g) in DMF (450 ml) was treated with 
potassium carbonate (26.2 g) then, after 30 minutes, with methyl bromoacetate (16 ml), 
and stirred overnight Solvent was evaporated, saturated brine (500 ml) added and the 
mixture extracted with chloroform (6x 200 ml). The combined organic solution was dried 

15 and evaporated and the residue chromatographed (20% EtOH in EtOAc) to give a solid 
(18.5 g). 

MS (APCl^ m/z 198 (MH+). 

(c) 5-Carboxymethoxy-2-methyl-4-nitropyridine N-oxide 

20 The pyridine N-oxide (b) (18.5 g) was dissolved in a cold mixture of fuming nitric 

acid (90 ml) and concentrated sulfuric acid (90 ml) and heated to 40''C for 1 hour, then 
65°C overnight. The mixture was cooled, poured onto ice and EtOAc (250 ml) added, 
When the ice had melted, the mixture was shaken and solid filtered off. The EtOAc was 
dried and ev^orated, the residue triturated with ether and filtered affording a solid (8.4 

25 g). 

MS (+ve ion electrospray) mIz 229 O^CT*"). 

(d) 5-Methoxycarbonylmethoxy-2-methyl-4-nitropyridine N-oxide 

The carboxylic acid (c) (8.4 g) in DMF (100 ml) was treated with potassium 
30 carbonate (7.6 g) and iodomethane (2.8 ml) and stirred for 3 days. After evaporation of 
solvent, water (200 ml) was added and the solid filtered off and dried under vacuum to 
give the product (5. 32g). 
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MS (+ve ion electrospray) m/z 243 (MH"*"). 

(e) 5-Methoxycarbonylmethoxy-4-nitrO'2'trifluoroacetoxym 

The pyridine N-oxide (d) (3.8 g) in trifluoroacetic anhydride (120 ml) was 
5 refluxed under argon for 24 hours, the solvent evaporated and the residue partitioned 
between chloroform and aqueous NaHC03 (50 ml each).The aqueous fraction was re- 
extracted with chloroform (3x 50 ml) and the combined organic solution dried and 
evaporated to give the product (1.8 g). 
MS (+ve ion electrospray) m/z 339 (MH"*") 

10 

(f) Mixture of 5-methoxycarbonylmethoxy-4-nitro-2-trifluoroacetoxymethylpyridine and 
2-hydroxymethyl-5-methoxycarbonyhnethoxy-4-nitropyridine 

When material (e) was chromatographed on silica gel, partial loss of 
tiifluoroacetyl group occurred to give the product mixture. 

15 

(g) 7-Acetoxymethyl-2-oxo-23-<iihydro-lif-pyrido[3,4-6][l,4]oxazin^ 

The mixture of nitropyridines (f) (7.37 mmole) in acetic acid (55 ml) was treated 
with iron powder (4.2 g) and stirred at 60**C for 1 hour, cooled and filtered through 
kieselguhr. The filtrate was heated to 1 10°C overnight, evaporated to dryness and 
20 partitioned betwera chloroform and aqueous NaHC03(l 00 ml each). After filtration to 
remove iron salts and separation of the layers, the aqueous fraction was re-extracted with 
chloroform (lOx 50 ml) and the combined organic solution dried and evaporated to give 
product (1.17g). 

MS (-ve ion electrospray) m/z 111 ([M-H]"). 

25 

(h) 7-Hydroxymethyl-2-oxo-23-dihydro-li/-pyrido[3,4-6][l,4]oxazm^ 

A solution of acetate (g) (1.17 g) in dioxan (75 ml)/water (15 ml) was treated 
diDpwise with 2M NaOH solution (3 ml) and left overnight. The mixture was acifiied to 
pH6 with dilute HCl and the solvent evaporated. Water (5 ml) was added and the soUd 
30 filtered offand dried under vacuum to give product (877 mg). 
MS (-ve ion electrospray) m/z 179 ([M-H]-). 

(i) 2-Oxo-2,3-dihydro-l//-pyrido[3,4-6][l,4]oxazine-7-carboxaldehyde 

A mixture of the hydroxymethyloxazinone (h) (584 mg), manganese dioxide (2.3 
35 g), THF (50 ml) and 1,2-dichloroethane (50 ml) was heated at 60°C under argon for 20 
hours. Filtration through kieselguhr and evaporation of solvent gave a solid which was 
triturated under EtOAc/hexane 1:3, filtered off and dried (383 mg). 
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MS (-ve ion electrospray) yn/z Yll ([M-H]-). 
(j) Title compound 

This was prepared from amine (18c) (100 mg) and aldehyde (i) (54 mg) by the 
5 method of Example (In) affording, after workup and chromatography the free base of the 
title compound as a white solid (62 mg, 45%). This material was converted into the 
dihydiochloride salt by the method of Example (1) affording the title compound as a 
white solid (60 mg). 

MS (+ve ion electrospmy) m/z 462 (MH-1-). 
10 iH NMR (dihydrochloride salt) 8 (d6-DMS0) 1 1.35 (IH, bs), 1 1.25 (IH, bs), 9.05 (2H, 
bs), 8.70 (IH, d), 8.30 (IH, d), 8.22 (IH, s), 7.62 (IH, d), 7.50 (2H, m), 6.98 (IH, s), 6.20 
(IH, bs), 4.75 (2H, s), 4.25 (2H, s), 3.20 (IH, m), 2.75 (3H, s), 2.05-1.80 (8H, m). 

Example 23 t-4-[(7-Fluoro-3-oxo-3,4-dihydro-2H-pyrido[3^.bl[l,41thiazin-6- 
1 5 ylmethyl)-amino]-l-hydroxy-r-cyclohexanecarboxylic acid (2-methoxy-quinolin-8- 
yl)-aniide dihydrocUioride 




(a) 6-Ainino-5-bromo-3-fluoro-pyridine-2-carboxylic acid methyl ester 

A mixture of 6-amino-5-bromo-pyridine-2-carboxylic acid methyl ester (19.8 g) 
20 (T. R. Kelly and F. Lang, J. Org. Chem.6U 1996, 4623-4633) and l-chloromethyl-4- 

fluoro-l,4-dia2omabicyclo[2,2.2]octane bis(tetrafluoioborate) (Selectfluor™ ), (34.3 g) in 
acetonitrile (340 ml) under argon was heated to 40*'C for 1 hour, 60^C for 1 hour and then 
80**C overnight. After partitioning between EtOAc and water (500ml each) the aqueous 
fraction was re-extracted with EtOAc (300 ml) and the combined organic solution dried 
25 with MgS04 and evaporated. Chromatography (20% then 30% EtOAc in hexane) 
afforded the product (2.09 g). 
MS (+ve ion electrospray) m/z 249 and 251 (MH^). 

(b) 6-Amino-5-ethoxycarbonyhnethylthio-3-fluoropyridine-2-carboxylic acid methyl 
30 ester 

A solution of ethyl mercaptoacetate (1.15 ml) m DMF (40 ml) was ice-cooled 
under argon, treated with sodium hydride (420 mg of a 60% dispersion in oil) and stirred 
until all was in solution (about 1 hour). The ester (a) (2.48g) was added, the mixture 
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allowed to warm to room temp, and stirred overnight. EtOAc (1 50 ml) was added, the 
solution washed with water (3x 150 ml), dried and evaporated. Chromatography of the 
residue (40% EtOAc in hexane) gave an oil (1.7 g). 
MS (+ve ion electrospray) m/z 289 (MH*^) 

5 

(c) Methyl 7-fluoro-3-oxo-3,4-dihydro-2ff-pyrido[3,2-6][l,4]thiazm 

A solution of tiae fluoropyridine (b) (1.7 g) in acetic acid (100 ml) was heated at 
1 10**C overnight, ev^orated and dried under vacuum to give the product as a white solid 
(1.5g). 

10 MS (+ve ion electrospray) wfe 243 (MIT^). 

(d) 7-Fluoro-3-oxo-3,4-dihydro-2/f-pyrido[3,2-6][l,4]thiazine-6-carboxylic acid 

This compound was prepared from the ester (c) by the method of Example (Ih) 

(86%). 

15 

(e) 7-Fluoro-6-hydroxymethyl-3-oxo-3,4-dihydro-2i/-pyrido[3,2-6^ 

This compound was prq)ared from carboxylic acid (d) by the method of Example 
(11) (73%). 

MS (-ve ion electrospray) m/z 213 ([M-H]") 

20 

(f) 7-Fluoro-3-oxo-3,4-dihydro-2H'pyrido[3,2-6][l,4]thiazine-6-caiboxaldehyde 

A mixture of the alcohol (e) (971 mg), manganese dioxide (3.72 g), THE (70 ml) 
and 1,2-dichloroethane (70 ml) was heated at 60*^0 under argon for 20 hours. Filtration 
through kieselguhr and evaporation of solvent gave a solid which was triturated with 
25 EtOAc/hexane 1 :3 and collected by filtration (608mg). 
MS (+ve ion electrospray) ni/z 213 (MKT^) 

(g) Title compound 

This was prepared from amine dihydrochloride (5e) (100 mg) and aldehyde (f) (60 
30 mg) by the method of Example (5f) affording, after workup and chromatography, the free 
base of the title compound as a white solid (70 mg). 

iHNMR 5 (CDsOD) 8.65 (IH, d), 8.05 (IH, d), 7.55-7,45 (2H, m), 7.35 (IH, t), 6.95 
(IH, d), 4.15 (3H, s), 3.95 (2H, s), 3.50 (2H, s), 2.60 (IH, m), 2.10 (2H, m), 2.00-1.80 
(4H,m), 1.65(2H,m). 
35 MS (+ve ion electrospray) m/z 5 12 (MH+). 

This material was converted into the dihydrochloride by the method of Example (1) 
affording a white solid (78 mg). 
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Example 24 t-4-[(7-Chloro-3-oxo-3,4-dihydro-2H-pyrido[3,2-bl [l,4]thiazin-6- 
ylmethyl)-ainino]-l-hydroxy-r-cyclohexanecarboxylic acid (2-methoxy-qumolm-8- 
yl)-aiiiide dihydrochloride 




(a) Methyl 6-amino-5-bromo-3-chloropyridine-2-carboxylate 

To a solution methyl 6-amino-5-bromopyridine-2-carboxylate (20.04 g) in acetic 
acid (900 ml) was added N-chlorosuccinimide (14g) and the resultant solution was heated 
to 120°C for 1 hour. The solution was then evaporated and treated with excess aqueous 
10 sodium bicarbonate and extracted with dichloromefhane. Hie organic fraction was dried 
and evaporated to give the product (21.98 g). 
MS (+ve ion electrospray) m/z 265 and 267 (MH+) 

(b) Methyl 7-cWoro-3-oxo-3,4-dihydn>-2/7-pyrido[3,2-6][l,4]thiazine-6-carboxylate 
15 This was prepared (51%) from the ester (a) (23.8 g) by the method of Example 

(Ig) to give a solid (1 1 .8 g). 

MS (+ve ion electrospray) m/z 257 (MET*") 

(c) 7-Cmoro-3-oxo-3,4-dihydro-2/f-pyrido[3,2-6][l,4]thiazme-6-ca^^^ acid 

20 This compound was prepared (96%) from the ester (b) (1 1 .84 g) by the method of 

Example (Ih) to give a solid (9.6 g). 
MS (APCI-) m/z 243 ([M-H]-) 

(d) 7-Chloro-6-hydroxymethyl-3-oxo-3,4-dihydro-2^r-pyrido[3,2-6][l,4]thiazi^ 

25 This compound was prepared (70%) from the carboxylic acid (c) by the method of 

Example (li), 

MS (+ve ion electrospray) m/z 231 (MHT'") 

(e) 7-CWoro-3-oxoO,4-dihydro-2//-pyrido[3,2-6][l,4]thiazine-6-carboxalde 

30 This compound was prepared (49%) from the alcohol (d) by the method of 

Example (Ij) to give a solid (2.01 g). 
MS (+ve ion electrospray) m/z 229 (MH+) 
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(f) Title compound 

This was prepared from amine dihydrochloride (5e) (100 mg) and aldehyde (e) (58 
mg) by the method of Example (5f) affording, after workup and chromatography the free 
base of the title compound as a white solid (55 mg). 
5 iH NMR 8 (CD3OD) 8.65 (IH, d), 8.05 (IH, d), 7.70 (IH, s), 7.50 (IH, d), 7.28 (IH, t), 
6.95 (IH, d), 4.18 (3H, s), 4.00 (2H, s), 3.50 (2H, s), 2.62 (IH, m), 2.10 (2H, m), 2.00- 
1.80 (4H,m), 1.65 (2H,m). 
MS (+ve ion electrospray) m/z 528 (MH+), 

This material was converted into the dihydrochloride by the method of Example (1) 
10 afifordmg a white solid (57 mg). 

Example 25 l-Hydroxy-M-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b] [l,4]thia2in-6- 
ylmethyl)-ami0o]-r-cyclohexanecarboxylic acid (3-methyl-quinoxaUii-5-yI)-amide 
dihydrochloride 




(a) 1,1,1-Trifluoro-methanesulfonic acid 3-methyl-quinoxaUn-5-yl ester 

A solution of 3-methyl-quinoxalin-5-ol (prepared as described by Y. Abe et al, J. 
Med. Chem., 1998, 41 (21), 4062) (630 mg, 3.9 mmol) in dichloromethane (5 ml) was 
treated with triethylamine (0.6 ml) then N-phenyltrifluoromethanesulfonimide (2.12g) 
20 was added. The mixture was stined overmght, washed with saturated aqueous sodium 
carbonate, dried and evaporated. The residue was chromatogr^hed elating with 40% 
ethyl acetate in petrol affording a pale yellow solid (1 .04g, 90%). 
MS (+ve ion electrospray) m/z 293 (MH+). 

25 (b) [4-r"Hydroxy-4-(3-methyl-quinoxalin-5-ylcarbamoyl)-c-cycloh^^ acid 
tert-butyl ester 

This was prepared from amide (If) (450 mg) and triflate (a) (500 mg) by the 
method of Example (11). Chromatography on silica eluting with 2-5% methanol in 
dichloromethane afforded a white solid (320 mg, 47%). 
30 MS (+ve ion electrospray) m/z 401 (MH"*"). 

(c) t-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (3-methyl-quinoxalin-5-yl)-amide 
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This was prepared from carbamate (b) (320 mg) by the procedure of Example (9j) 
affording a white solid (210 mg, 88%). 
MS (+ve ion electrospray) miz 301 (MH+). 

5 (d) Title compound 

This was prepared from amine (c) (100 mg) and aldehyde (Ij) (64 mg) by the 
method of Example (In) affording, after workup and chromatography the free base of the 
title compound as a white solid (64 mg, 41%). 

IhNMR 5 (CDCI3) 8.80-8.75 (2H, m), 7.80-7.70 (2H, m), 7.65 (IH, d), 6.95 (IH, d), 
10 3.88 (2H, s), 3.50 (2H, s), 2.79 (3H, s), 2.65 (IH, m), 2.10 (2H, m), 2.00-1.80 (4H, m), 
1.65 (2H,m). 

MS (+ve ion electrospray) mIz 479 (MH+). 

This material was converted into the dihydrochloride by the method of Example (1) 
affording a white solid (75 mg). 

15 

Example 26 l-Hydroxy-^-4-[(3H>xo-3,4-dihydro-2H-pyrido[3,2-bl[l,41thiazin-^^ 
ylmethyI)-amino]-r-cyclohexaneearboxylie acid (2-methyI-l-oxo-l,2-dihydro- 
isoquiiioIm-8-yl)-amide hydrochloride 



O 




20 (a) 8-Bromo-isoquinoline-N-oxide 

A solution of 8-bromo-isoquinoline (prepared by the method of F.T.Tyson, 
J.A.C.S., 1939, 61, 183) (1.25g, 6 mmol) in acetic acid (5 ml) was treated with 27% 
aqueous hydrogea peroxide solution (1 .8 ml) and heated at 75^0 overnight. The mixture 
was evaporated and the residue partitioned between aqueous sodium carbonate solution 

25 and dichloromethane, re-extracting with dichloromethane twice more. The combined 
organic extracts were dried and evaporated. The residue was triturated with ether/petrol 
and isolated by filtration (1.14g, 85%). 
MS (+ve ion electrospray) xniz 225 (MH+) 

30 (b) 8-Bromo-2H-isoquinolin-l-one 

A suspension of (a) (630 mg, 2.8 mmol) in DMF (10 ml) was treated with 
trifluoroacetic acid anhydride (4 ml). The clear solution was stirred at room temperature 
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overnight then evaporated. The residue was treated with dilute aqueous sodium carbonate 
solution and extracted several times with 5%methanol/dichloromethane. The combmed 
organic extracts were washed with brine,diied and evaporateAThe crude product was 
chromatographed on sitica eluting with 0-10% methanol in dichloromeftane affording a 
5 white soUd (1 80 mg, 29%). 

MS (+ve ion electrospray) miz 225 (MH+) 

(c) 8-Bromo-2-methyl-2H-isoquinolin-l-one 
A solution of (b) (180 mg, 0.8 mmol) in DMF (5 ml) was treated with potassium 

carbonate (140 mg) and methyl iodide (0.062 ml) and stirred for 3 days then evaporated. 
The residue was partitioned between dilute aqueous sodium chloride solution and 
dichloromethane, re-extracting with dichloromethane twice more. The combined organic 
extracts were dried and evaporated affording a yellow solid (180 mg, 94%). 
MS (+ve ion electrospray) m/z 239 (MH+) 

(d) [4-r-Hydroxy-4-(2-methyl-l-oxo-l,2-dihydro-isoquinolin-8-ylcM^ 
cyclohexyl]-carbamic acid tert-butyl ester 

This was prepared from amide (If) (200 mg) and bromide (c) (180 mg) according 
to the procedure for Example (11) affording a brown gum (290 mg, 92%). 
MS (+ve ion electrospray) m/z 416 (MH+). 

(e) t-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (2-methyl-l-oxo-U2-dihydro- 
isoquinolin-8-yl)-amide 

This was prepared from carbamate (d) (280 mg) by the procedure of Example 
25 (Im) affording a brown gum (210 mg, 100%). 
MS (+ve ion electrospray) m/z 316 (MH+). 

(f) Title compound 

Amine (e) (1 1 0 mg) and aldehyde (Ij) (68 mg) were reacted together with sodium 
30 cyanoborohydride (30 mg) according to the procedure of Example (In) affording, after 
workup and chromatography, the free base of the title compound as a white solid (85 mg, 
49%). 

iHNMR 5(CDCl3) 13.65 (IH, bs), 8.80 (IH, d), 7.65-7.55 (2H, m), 7.20 (IH, d), 7.05- 
6.95(2H, m), 6.48 (IH, d), 3.90 (2H, s), 3.55 (3H, s), 3.45 (2H, s), 2.70 (IH, m), 2.20- 
35 1.60 (8H,m) 

MS (+ve ion electrospray) m/z 494 (MH+). 
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This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (82 mg). 

Example 27 l-Hydroxy-r-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-bl[l,41tW 
5 yImethyl)-aiiiiiio]-r-cycloliexanecarboxylic acid (l-methoxy-isoqumolm-8-yl)-amide 
hydrochloride 




(a) 8-Bromo-l-methoxy-isoquinoline 

A solution of N-oxide (26a) (500 mg, 2.2 mmol) in methanol (15 ml) was treated 
10 at O^C with methyl chloroformate (0.22 ml, 2.9 mmol) and triethylamine (0.64 ml, 4.5 
mmol). The mixture was stirred ovOTiight thm evaporated. The residue was partitioned 
between dilute aqueous sodium chloride solution and dichloromethane, re-extracting with 
dichloromethane. The combined organic extracts were dried and evaporated affording an 
oil which was chromatogr^hed on silica eluting with dichloiomethane affording an oil 
15 (280mg,53%). 

MS (+ve ion electrospray) miz 239 (MH+) 

(b) [r-4-Hydroxy-4-(l-methoxy-isoquinolin-8-ylcarbamoyl)-c-cyclohexyl]-carbamic acid 
/er/-butyl ester 

20 This was prepared from amide (If) (300 mg) and bromide (a) (270 mg) according 

to the procedure for Example (11) affording an off-white solid (160 mg, 34%). 
MS (+ve ion electrospray) m/z 416 (MH+). 

(c) t-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (l-methoxy-isoquinolin-8-yl)- 
25 amide 

This was prepared from carbamate (c) (160 mg) by the procedure of Example 
(Im) affording a brown gum (130 mg, 100%). 
MS (+ve ion electrospray) m/z 316 (MH+). 

30 (d) Title compound 

Amine (c) (130 mg) and aldehyde (Ij) (86 mg) were reacted together with sodium 
cyanoborohydride (30 mg) according to the procedure of Example (In) affording, after 
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workup and chromatography, the free base of the title compound as a white solid (58 mg, 
29%). 

1HN]V1R5(CDC13) 11.90 (IH, bs), 8.82 (IH, d), 7.95 (IH, d), 7.20 (IH, d), 7.60-7.50 
(2H, m), 7.45 (IH, d), 7,20 (IH, d), 6.95 (IH, d), 4.20 (3H, s), 3.95 (2H, s), 3.50 (2H, s), 
5 2.70 (IH, m), 2.20-1 .60 (8H, m) 

MS (+ve ion electrospray) m/z 494 (MH+), 

This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compoimd as a white solid (64 mg). 

10 Example 28 l-Hydroxy-r-4-l(3-oxo-3,4-dihydro-2H-pyrido[3,2-bl [l,4]thiazin-6- 
ylmethyl)-amiDo]-r-cyclohexanecarboxyUc acid (5-methoxy-quinoIm-4-yl)-aiiiide 
dihydrochloride 




(a) 5-[(2-Bromo-5-methoxy-phenylamino)-methylene]-2,2-dimethyl-[l ,3]dxoxane-4,6- 
15 dione 

A solution of 2-bromo-5-methoxy-phenylamine (16.1g, 80 mmol), 2,2-dimethyl- 
[l,3]dioxane-4,6-dione (Meldrum's acid) (13.7g, 95 mmol) and triethyl orthoformate 
(14.1g, 95 mmol) in ethanol (82 ml) was heated to reflux for 2 hours then allowed to cool 
to room temperature. Filtration and drying in vacuo afforded a white solid (25. 7g, 91%) 
20 MS (APCI-) jn/z 354 (M-H) 

(b) 8-Bromo-5-methoxy-lH-quinolin-4-one 

Dowtfaerm A (30 ml) was heated to reflux and enamine (a) (lOg) was added 
portionwise (CAUTION- vigorous evolution of CO2 and acetone) over 2 minutes. 
25 Heating was continued for a further 2 minutes then the mixture was allowed to cool to 
room temperature. Filtration and drying in vacuo afforded a brown solid (5.4g, 76%). 
MS (APCI-) m/z 253 (M-H) 

(c) 5-Methoxy-lH-quinolin-4-one 

30 Quinolone (b) (5.4g, 21 mmol) was dissolved in a mixture of dioxin (300 ml) and 

2M aqueous sodium hydroxide solution (21 ml, 42 mmol) then hydrogenated over 10% 
palladium on charcoal (2.3g) for 18 hours. The mixture was filtered, neutralised (5M 
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hydrochloric acid) and concentrated when crystallisation commenced. Filtration, washing 
with water and drying in vacuo afforded a solid (2.5g, 70%). 
MS (APCf) m/z 174 (M-H) 



5 (d) 4-Bromo-5-metiioxy-qidnoline 

A solution of quinolone (c) (3.2g, 18 nimol) in DMF (22 ml) was treated with 
phosphorous tribromide (2.2 ml). After 2 hours the mixture was added to water and 
neutralised with saturated aqueous sodium bicarbonate solution. Filtration and drying 
afiforded a yellow solid (3.6g, 85%). 
10 MS (+ve ion electrospray) m/z 239 ^^+) 

(e) [r-4-Hydroxy-4-(5-methoxy-quinolin-4-ylcarbamoyl)-cyclohexyl]-c-carbaimc acid 
^er^-butyl ester 

This was prepared from amide (If) (516 mg) and bromide (d) (478 mg) according 
15 to the procedure for Example (11) affording an ofip-white solid (150 mg, 1 8%). 
MS (+ve ion electrospray) m/z 416 (MH+) 

(f) t"4-Aniino-l-hydioxy-r-cyclohexanecarboxylic acid (5-methoxy-quinolin-4-yl)-amide 

This was prepared from carbamate (e) (470 mg) by the procedure of Example (9j) 
20 affording a white solid (302 mg, 85%). 
MS (+ve ion electrospray) m/z 316 (MH*^ 



(g) Title compound 

Amine (Q (302 mg) and aldehyde (Ij) (186 mg) were reacted together with sodium 
25 cyanoborohydride (122 mg) according to the procedure of Example (In) affording, after 
workup and chromatography, the free base of the title compound as a white solid (41 mg. 



iHNMR 5(CD30D) 8.80 (2H, m), 8.80-8.60 (3H, m), 7.15 (IH, d), 7.05 (IH, d), 4.15 
(3H, s), 4.05 (2H, s), 3.50 (2H, s), 2.80 (IH, m), 2.10-1.60 (8H, m) 
30 MS (+ve ion electrospray) m/z 494 (MH+) 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (26 mg). 

Example 29 l-Hydroxy-t-4-[(3-oxo-3,4-dihydro-2H .pyrido[3,2-b][l,4]oxazin-6- 
35 yimethyl)-amino]-r-cyclohexanecarboxylic acid (l,6]naphthyridin-4-ylamide 
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(a) 2,2-Dimethyl-5-(pyridin-4-ylaminomethylene)-[ 1 ,3]dioxaiie-4,6-dione 

A mixture of 2,2-diniethyl-[l,3]dioxane-4,6-(iione (Meldrum*s acid) (8.4g, 59 
nimol) and trimethyl orthoformate (50 mL) was heated to reflux for 2 hours. 4- 
5 Aminopyridme (5g, 53 mmol) was added and the mixture heated for a further 0.25 hour. 
The resulting solid was washed with a small amount of cold ethanol and dried in vacuo 
(7.3g, 55%). 

MS (APCI-) m/z 247 ([M-H]") 

10 (b) l-H-[l,6]Naphthyridin-4"One 

Dowtherm A (60 mL) was brought to reflux and (a) (6.3g, 25.4 mmol) was added 
portionwise over 2 minutes. The mixture was heated for a further 5 minutes then allowed 
to cool to room temperature. The resulting solid was washed with a small amount of cold 
ethanol and dried in vacuo (2.6g, 69%), 

15 MS (APCr) m/z 145 ([M-H]-) 

(c) 4-Bromo-[l,6]naphthyridine 

Phophorous tribromide (0.38 ml, 4 mmol) was added to DMF (10 mL) with 
vigorous stirring. Naphthyridone (b) (584 mg, 4 mmol) was added. After 0.5 hours the 
20 mixture was added to ice/water, neutralised with aqueous sodium bicarbonate solution 
and extracted with ethyl acetate. Drying and evaporation afforded a solid (240 mg, 29%). 
MS (+ve ion electrospray) m/z 210 (MH+). 

(d) [r-4-Hydroxy-4<[l,6]naphthyridin-4-ylcarbamoyl)-c-K?yclohexyl]-caibamic acid teH- 
25 butyl ester 

This was prepared from amide (If) (142 mg) and bromide (c) (105 mg) according 
to the procedure for Example (11) affording an ofif-white solid (142 mg, 74%). 
MS (+ve ion electrospray) m/z 387 (MH+) 

30 (e) t-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid [l,6]naphthyridin-4-ylamide 
trifluoroacetate 

This was prepared from carbamate (d) (1 12 mg) according to the procedure for 
Example (9j) affording a white solid. 
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MS (+ve ion electrospray) m/z 287 (Mff*"). 

(Q Title compound 

Amine trifluoroacetate (e) (prepared above, ca 0.4 mmol) was reductively 
5 alkylated with aldehyde (7j) (71 mg) according to the procedure for Example (7k) 
affording the title compound as a white solid (70 mg). 
MS (+ve ion electrospray) xn/z 449 (MH+). 

iHNMRS (d6-DMS0) 9.60 (IH, s), 9.05 (IH, d), 8.80 (IH, d), 8.18 (IH, d), 7.90 (IH, 
d), 7.40 (IH, d), 7.10 (IH, d), 4.70 (2H, s), 3.85 (2H, s), 2.75 (IH, m), 2.20-1.90 (6H, m), 
10 1.80 (2H,m) 

Example 30 l-Hydroxy-/-4-I(3-oxo-354-dihydro-2H-pyrido[3,2-b][l,4]thiazin-6- 
ylmethyl)-amino]-r-cyclohexanecarboxyIic acid (2-methyl-quinoxalin-5-yl)-amide 
dihydrochloride 




(a) 1,1,1-Trifluoro-methanesulfonic acid 2-methyl-quinoxaIin-5-yl ester 

This was prepared from 2-methyl-quinoxalin-5-ol (prepared as described by Y. 
Abe et al, J, Med. Chem., 1998, 41 (21), 4062) according to the procedure for Example 
(25a). 

20 MS (+ve ion electrospray) m/z 293 (MH+). 



(b) [r-4-Hydroxy-4-(2-methyl-quinoxalin-5-ylcarbamoyi)-<r-cyclohexyl]-carb^ acid 
tert-butyl ester 

This was prepared from triflate (a) and amide (If) according to the procedure for 
25 Example (11). 

MS (+ve ion electrospray) m/z 401 (MH*^). 

(c) t-4-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (2-methyl-quinoxalin-5-yl)-amide 

This was prepared from carbamate (b) according to the procedure for Example 

30 (9j). 

MS (+ye ion electrospray) m/z 301 (MH"^). 
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(d) Title compound 

This was prepared from amine (c) (100 mg) and aldehyde (Ij) (64 mg) by the 
method of Example (In) affording, after workup and chromatography the free base of the 
title compound as a white soUd (93 mg, 59%). 
5 iH NMR 5 (CDCI3) 8.72 (IH, m), 8.60 (IH, s), 7.75-7,70 (2H, m), 7.55 (IH, d), 6.95 
(IH, d), 3.90 (2H, s), 3.50 (2H, s), 2.75 (3H, m), 2.68 (IH, m), 2.10 (2H, m), 2.00-1.80 
(4H,m),1.65(2H,m). 
MS (+ve ion electrospray) m/z 479 (MH+). 

This material was converted into the dihydrochloride by the method of Example (1) 
10 affording a white solid (75 mg). 

Example 31 (lR,3S,4R)-3-Fluoro-4-[(3-oxo-3,4-dihydro-2H.pyrido[3,2- 
b]][l,4]oxazin-6-ylmethyl>amino]-cyclohexanecarboxylic acid (6-methoxy- 
[l,5]naphthyridin-4-yl)-amide dihydrochloride 




(a) (R)-Ethyl-4-trimethylsilyloxycyclohex-3-enecarboxylate 

To (S,S)-bis a-methyl benzylamine (9g, 40 mmol) in THF (200 mL) under argon 
was added dibutyl magnesium in heptane(20 mL, IM) and the mixture heated to reflux. 
After 1.5 hours, the mixture was cooled to -78<>C and trunethylsilyl chloride (10.1 mL) 

20 and N,N-dimethylpropyleneurea (1.2 mL) added dropwise. After a fiirther 20 minutes 
ethyl-4-oxocyclohexane carboxylate (2.87 mL, 1 8 nmiol) was added dropwise. The 
reaction was stured at -780C for 16 hours, then saturated sodium hydrogen carbonate 
(100 mL), water (100 mL) and hexane (200 mL) were added. The organic soluble 
material was purified by chromatography on silica gel eluting with 0-5% diethyl ether in 

25 hexane to give an oil (3.5g, 80%). 

iH NMR 5(CDCl3) 4.88 (IH, m), 4.20 (2H, q), 2.50 (IH, m), 2.35 (2H, m), 2.10 (2H, m), 
2.05 (IH, m), 1.85 (IH, m), 1.30 (3H, t), 0.20 (9H, s) 

(b) (lR,3S)-3-Fluoro-4-oxo-cyclohexanecarboxylic acid ethyl ester 

30 Silyl enol ether (a) (3.5g) in acetonitrile (40 mL) at O^C was treated portionwise 

with l-chloromethyl-4-fluoro-l,4-dia2oniabicyclo[2.2.2]octane bis(tetrafluoroborate), 
(Selectfluor™), (6.16g). After 75 min, saturated sodium hydrogen carbonate (50 mL) and 
water (50 mL) were added and the mixture extracted with ethyl acetate. The organic 
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soluble material was purified by careful chromatography on silica gel eluting with 5-60% 
diethyl ether in hexane to give an oil (1 .02g). 

1h NMR 8(CDCl3) 5.06 (IH, m), 4.20 (2H, q), 3.05 (IH, m), 2.60-2.40 (2H, m), 2.30- 
2.20 (2H, m), 2.10 (2H, m), 1.30 (3H, t) 

5 

(c) (lR,3S,4R)-3-Fluoro-4-(0R)-l-phenyl-ethylainino)-cyclohexanecaiboxylic acid ethyl 
ester 

Ketone (b) (1.02g, 5.4mmol) in dichloroethane (24 mL) and acetic acid (1 mL) 
was treated with (R)-a-methyl benzylamine (0.88 mL) and sodium triacetoxyborohydride 
10 (2.2g). After 4.5 hours, the reaction mixture was loaded onto a silica gel column packed 
in 0.5% (2M ammonia in methanol) in dichloromethane and eluted with 0.5-10% (2M 
ammonia in methanol) in dichloromethane to give an oil (1 .2g). 

iH NMR 8(d-6 MeOH) 7.50 (5H, m), 4.95 (IH, m), 4.62 (IH, q), 4.15 (2H, q), 3.20 (IH, 
m), 2.90 (IH, m), 2.50 (IH, m), 2.10 (IH, m), 1.95 (IH, m), 1.75 (IH, m), 1.70 (3H, d), 
15 1.55 (2H,m), 1.25 (3H,t) 

(d) (lR,3S,4R)-3-nuoro-4-((R)-l-phenyl-ethylaniino)-cyclohexanecaiboxylic acid acetate 

A solution of ester (c) (1.5g) in methanol (50 mL) was treated with lithium 
hydroxide (630 mg). After 2 hours acetic acid (1 mL) was added and the mixture was 
20 evaporated to dryness. Chromatography on silica eluting with 1 :9:90 (acetic 
acid:methanol:dichloromethane) afforded an oil (L02g). 

1h NMR 8(d-6 MeOH) 7.50 (5H, m), 5.25 (IH, m), 4.62 (IH, q), 3.20 (IH, m), 2.60 (IH, 
m), 2.40 (IH, m), 2.30 (3H, s), 2.10 (IH, m), 1.95 (IH, m), 1.75 (IH, m), 1.70 (3H, d), 
1.60-1.40 (2H,m) 

25 

(e) (lR,3S,4R)-3-Fluoro-4-((R)-l-phenyl-ethylamino)-cyclohexanecarboxylic acid amide 

A solution of (d) (75 mg) in DMF (2 naL) was treated with ammonium 
bicarbonate (80 mg), l-liydroxy-7-azaben20triazole (57 mg), and l-ethyl-3-(3- 
dimethylaminopropyl)caibodiimide hydrochloride (60 mg). After 2.5 hours the reaction 

30 mixture was evaporated and the residue partitioned between ethyl acetate/dilute brine. 
The organic extract was dried and evaporated. The residue was chromatographed eluting 
with 2-8% methanol/dichloromethane affording a white solid (52 mg). 
1h NMR 5(CDCl3) 7.30 (3H, m), 7.20 (2H, m), 5.40 (IH, bs), 5.30 (IH, bs), 5.02 (IH, 
m), 4.00 (IH, q), 2.40-2.20 (4H, m), 1.90 (IH, m), 1.78 (IH, m), L55 ^1.45(2H, m), 1.30 

35 (3H,d) 

(f) (lR,3S,4R)-4-Ammo-3-fluoro-cyclohexanecarboxylic acid amide 

-84- 



wo 2004/002992 PCT/EP2003/006756 



A solution of of (e) (280 mg) in ethanol (15 ml) and 20% palladium(II) hydroxide 
on charcoal (80 mg) was hydrogenated at 50 p.s.i. for 16 hours. Filtration and evaporation 
afforded a white solid (230 mg). 

iH NMR 8 4.75 (IH, m). 2.70 (IH, m), 2.55 (IH, m), 2.15 (IH, m), 1.90-1.55 (5H, m) 

5 

(g) ((lR,2S,4R)-4-Carbamoyl-2-fluoro-cyclohexyl)-carbaniic acid tert-hatyl ester 

A solution of (£) (230 mg) in dichloromethane (10 mL) was treated wifli dUert- 
butyl dicarbonate (324 mg). After 4 hours the mixture was concentrated and treated with 
ether and hexane. The resultant precipitate was isolated by filtration and dried in vacuo 
10 affording a solid (250 mg). 

iH NMR 8 4.78 (IH, m), 3.50 (IH, m), 2.45 (IH, m), 2.15 (IH, m), 1.95-1.60 (5H, m), 
1.45 (9H, s) 

(h) [(lR,2S,4R)-2-Fluoro-4-(6-melhoxy-[l,5]naphthyridiB-4-ylcaibamoy^^ 
15 caibamic acid tert-hutyl ester 

This was prepared from amide (g) (250 mg) and 1,1,1-Trifluoro-methanesulfonic 
acid 6-methoxy-[l,5]naphthyridin-4-yl ester (WO02096907 Example 1(b)) (478 mg) 
according to the procedure for Example (11) affording an ofiF-white solid (390 mg). 
MS (+ve ion electrospray) m/z 419 (MH+) 

20 

(i) (lR,3S,4R)-4-Amino-3-fluoro-cyclohexanecarboxylic acid (6-methoxy- 
[l,5]naphthyridin-4-yl)-amide 

This was prepared from carbamate (e) (390 mg) by the procedure of Example (9j) 
affording a white soUd (269 mg). 
25 MS (+ve ion electrospray) m/z 3 19(MH"^) 

(j) Title compound 

Amine (i) (100 mg) and aldehyde (7j) (66 mg) were reacted together with sodium 
cyanoborohydride according to the procedure of Example (In) affording, after workup 

30 and chromatography, the free base of the title compound as a white solid (107 mg). 

1h NMR 8 (d6-DMS0) 9.85 (IH, bs), 8.67 (IH, d), 8.40 (IH, d), 8.26 (IH, d), 7.05 (IH, 
d), 5.05 (IH, d), 4.60 (2H, s), 4.15 (3H, s), 4.75 (2H, s), 3.05 (IH, m), 2.70 (IH, m), 2.25 
(IH, m), 1.90 (3H, m), 1.55 (2H, m) 
MS (+ve ion electrospray) m/z 481 (MH+) 

35 This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (1 10 mg). 
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Example 32 (lR,3S,4R)-3-Fluoro-4-[(7-fluoro-3-oxo-3,4-dihydro-2H-pyrido[^ 
b][l,4]thiazin-6-yImethyI)-aniiiio]-cyclohexanecarboxylic acid (6-methoxy- 
[l,5]iiaphthyridiii-4-yI)-amide dihydrochloride 




5 Atnine (3 li) (100 mg) and aldehyde (23f) (66 mg) were reacted together with 

sodium cyanoborohydride according to the procedure of Example (In) affording, after 
woricup and chromatography, the fiee base of the title compound as a white solid (102 
mg). 

1HNMR5 (d6-DMSO) 8.70 (IH, d), 8.42 (IH, d), 8.28 (IH, d), 7.85 (IH, d), 7.32 (IH, 
10 d), 5,05 (IH, d), 4.15 (3H, s), 3.85 (2H, s), 3.58 (2H, s), 3.05 (IH, m), 2.70 (IH, m), 2.25 
(IH, m), 1.90 (3H, m), 1.55 (2H, m) 
MS (+ve ion electrospray) m/z 515 (MH+) 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (117 mg), 

15 

Example 33 l-Hydroxy-t-4-[(3-oxo-3,4-dihydro-2H-pyrido(3^-bl[l,41oxari^ 
yImethyI)-aminol-c-cyclohexanecarboxyIic acid (3-methyH,23,4-tetrahydro- 
qamoxaliii-5-yI)-amide dihydrochloride 




20 The free base of the title compound was prepared in 1 1 % yield from amme (25c) 

and aldehyde (7j) according to the general reductive alkylation procedure of Example 
(In), affordmg an oil after chromatography (17 mg). 

iH NMR 6 (CDCI3) 8.80 (IH, bs), 7.18 (IH, d), 6.85 (IH, d), 6.73 (IH, d), 6.58 (IH, t), 
6.38 (IH, d), 4.60 (2H, s), 3.85 (2H, s), 3.40 (IH, m), 3.25 (IH, m), 2.85 (IH, m), 2.60 
25 (IH, m), 2.10-1.50 (7H, m), 1.18 (3H, d) 
MS (+ve ion electrospray) m/z 467 (MH+) 



-86- 



wo 2004/002992 



PCT/EP2003/006756 



This material was converted into the dihydrochloride salt by dissolving in CDCI3 (1 ml) 
and treating with 0.4M HCl in dioxan (0.2 ml) then evaporating to give a white solid (22 
mg). 

5 Example 34 l-Hydroxy-M-[(3-oxo-3,4-dihydra-2Hpyrido[3,2-bl(l,4]ft 

ylmethyO-aminol-i^cyclohexanecarboxylic acid (3-methoxy-quinoxalin-5-yl)-amide 



hydrochloride 

(a) 2-Nitro-6-triisopropylsilanyloxy-phenylamine 

A solution of 2-amino-3-nitro-phenol (42.9g, 278 mmol) and imidazole (28.4g, 
10 417 mmol) in tetrahydrofuran (750 ml) was treated with chloro-triisopropyl-silane (62.3g, 
323 mmol). After 18 hours the mixture was filtered, diluted with ethyl acetate, washed 
with water, dried and evaporated to give an oil (91g). 
MS (+ve ion electrospray) m/z 311 (MH+). 

15 (b) 3-Triisopropylsilanyloxy-benzene-l ,2-diamine 

A solution of (a) (91g) in ethanol (500 ml) was hydrogenated over 10% palladium 
on charcoal (8.5g) for 3 days then filtered and evaporated to give an oil (80.7g). 
MS (+ve ion electrospray) m/z 281 (MH^). 

20 (c) 8-Triisopropylsilanyloxy-lH-quinoxalin-2-one 

A solution of (b) (80.7g) in ethanol (1 litre) was treated with a 50% solution of 
ethyl glyoxalate in toluene (60 ml, 294 mmol) and heated to reflux for 2 hours. The 
mixture was left at room temperature overnight and filtered affording 5- 
triisopropylsilanyloxy-lH-quinoxalin-2-one. The filtrate was evaporated and the residue 

25 chromatographed eluting with a 0-3% gradient of methanol in dichloromethane affording 
8-triisopropylsilanyloxy-lH-quinoxalin-2-one as a white solid (14.9g). 
MS (+ve ion electrospray) m/z 319 (MH+). 

(d)2-Methoxy-8-triisopropylsilanyloxy-quinoxaline 
30 A solution of (c) (2.0g, 6.2 mmol) in dichloromethane/methanol/acetonitrile (40 

ml/4 ml/40 ml) was treated with triethylamine (1.1ml, 8 mmol) then a solution of 
(trimethylsilyl)diazomethane in hexane (2M; 4 ml, 8 mmol). The mixture was stirred 
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overnight then evaporated. The residue was chronoiatographed on silica eluting with 
dichloromethane affording an oil (LOg, 48%). 
MS (+ve ion electrospray) m/z 333 (MH+). 

5 (e) 3-Methoxy-quinoxalin-5-ol 

A solution of (d) (6.95g, 21 mmol) in tetrahydrofiiran/methanol (280 ml/140 ml) 
was treated with caesium fluoride (4.73g, 3 1 .4 mmol) and stirred for 18 hours. The 
mixture was evaporated and the residue partitioned between diethyl ether and dilute 
aqueous hydrochloric acid. The aqueous phase was further extracted wdth diethyl ether 
10 and the combined extracts dried and evaporated to give an oil (4.2g). 
MS (+ve ion electrospray) m/z 177 (MH4-). 

(f) 1,1,1-Trifluoro-methanesulfonic acid 3-methoxy-quinoxalin-5-yl ester 

A solution of (e) (4.23g, 21 mmol) in dichloromethane (35 ml) was treated with 
1 5 triethylamine (4.5 ml, 32. 1 mmol) then N-phenyltrifluoromefhanesulfonimide (11 .4g, 32 
mmol) was added. The mixture was stirred overnight then washed with saturated aqueous 
sodium carbonate solution. The aqueous phase was further extracted with 
dichloromethane and the combined organic extracts were dried and evaporated. The 
residue was chromatographed on silica eluting with 50% hexane in dichloromethane and 
20 then dichloromethane, affording an oil (5.6g, 87%). 
MS (+ve ion electrospray) m/z 309 (MH+). 

(g) [r-4-Hydroxy-4-(3-methoxy-quinoxalm-5-ylcarbamoyl)-c-cyclohexyl]-carbamic tert- 
butyl ester 

25 This was prepared from amide (If) and triflate (f) according to the method of 

Example (18b) affording a white solid (320 mg). 
MS (+ve ion electrospray) m/z 417 (MH"*"). 

(h) t-4-Amino-l-hydroxy-r-cyclohexanecaiboxylic acid (2-methyl-quinolin-8-yl)-amide 
30 This was prepared in quantitative yield from carbamate (g) by the procedure of 

Example (Im) affording a white solid (243 mg). 
MS (+ve ion electrospray) m/z 317 (MH"^). 

(i) Title compound 

35 The free base of the title compound was prepared in 72% yield from amine (h) and 

aldehyde (Ij) according to the general reductive alkylation procedure of Example (In), 
affording a white solid after chromatography (135 mg). 
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iH NMR 5 (CDCI3) 8.70 (IH, d), 8.50 (IH, s), 7.73 (IH, d), 7.65 (IH, d), 7.75 (IH, t), 
6.95 (IH, d), 4.18 (3H, s), 4.03 (2H, s), 2.90 (IH, m), 2.20-L70 (8H, m). 
MS (+ve ion electrospray) m/z 495 (MH"^). 

This material was converted into the hydrochloride salt by the method of Example (1) 
5 affording the title compound as a white soUd (1 03 mg). 

Example 35 t-4-[(2j3-Dihydro-[l,41dioxmo[2,3^1pyridin-7-ylmethyl)-aiii^^ 
hydroxy-ocyclohexanecarboxylic acid (2-methyl-quinoIiii-8-yI)-amide 




10 (a) 5-Benzyloxy-2-hydroxymethyl-l //-pyridin-4-one 

A mixture of 5-benzyloxy-2-hydroxymetiiyl-4-pyrone (prepared fix^m Kojic acid 
by the method of D. Erol, J. Med. Chem., 1994, 29, 893) (9,7g, 40 mmol), concentrated 
aqueous (880) ammonia (100 ml), and ethanol (20 ml) was heated to reflux overnight 
The mixture was allowed to cool to room temperature then filtered. The resultant solid 

15 was washed with ether and dried in vacuo (5.9g). 
MS (APa+) m/z 232 (MH+). 



(b) (2,3-Dihydro-[l ,4]dioxino[2,3-c]pyridin-7-yl)-methanol 

A solution of (a) (2g, 8.7 mmol) in water (220 ml) containing sodium hydroxide 

20 (17 mmol) was hydrogenated over 10% palladium on charcoal (Ig) for 4 hours. The 
mixture was filtered and evaporated to give a white solid. This solid was dissolved in 
N,N-dimethylfonnamide (8 ml) then treated with potassixmi carbonate (2.9g) and 1,2- 
dibromoethane (0.6 ml, 7 mmol). The mixture was heated at SS^C ovemigjit The cooled 
mixture was evaporated onto silica and chromatographed eluting with 10-30% methanol 

25 in ethyl acetate affording a white solid (250 mg, 21 %). 
MS (APCI+) m/z 168 (MH+). 



(c)2,3-Dihydro-[l,4]dioxino[2,3-c]pyridine-7-caibaldehyde 

A solution of (b) (250 mg, 1 .5 mmol) m dichloromethane (5 ml) was treated with 
30 manganese dioxide (650 mg, 7.5 mmol). After 3 days the mixture was filtered and 
evaporated affording a white solid (150 mg, 61%). 
MS (APCI+) m/z 166 (MH+). 
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(d) Title compound 

A solution of amine (18c) (0.6g, 2 mmol) and aldehyde (c) (0.33g, 2 mmol) in 
DMF (10 ml) was treated with sodium triacetoxyborohydride (1.28g, 6 mmol). After 5 
5 hours the mixture was treated with 5M aqueous hydrochloric acid dropwise until no 
fvirther effervescence was observed and then basified with half-saturated aqueous sodiimi 
bicarbonate solution (-100 ml). The resulting precipitate was filtered, washed with water 
and dried in vacuo. The crude product was chromatographed on silica eluting with 2-10% 
methanol in dichloromethane affording the free base of the titie compoimd as a white 
10 soUd(0,58g,64%). 

1h NMR 5 (CDCI3) 8.75 (IH, m), 8.10 (IH, s), 8.00 (IH, d), 7.45 (2H, m), 7.30 (IH, d), 
6.82 (IH, s), 4.30 (4H, m), 3.85 (2H, s), 2.75 (3H, s), 2.80 (IH, m), 2.20-1.85 (6H, m), 
1.60 (2H,m). 

MS (+ve ion electrospray) miz 449 (MHT*"). 
15 This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.61g). 

Example 36 t-4-[(2,3-Dihydro-[l,4]dioxino[2^-c]pyridin-7-yImethyl)-aminoI- 
cyclohexanecarboxylic acid (2-methyl-quinolin-8-yl)-amide dihydrochloride 



20 




(a) [4-(2-Methyl-qumolin-8-ylcarbamoyl)-cyclohexyl]-carbamic acid tert-butyl ester 

This was prepared from amide (3a) and triflate (18a) according to the method of 
Example (18b) affording a white solid. 
MS (+ve ion electroq)ray) m/z 384 Q/SSX^). 

25 

(b) 4-Amino-cyclohexanecarboxylic acid (2-methyl-quinolin-8-yl)-amide 

This was prepared from carbamate (a) by the procedure of Example (Im) 
affording a white solid, 
MS (+ve ion electrospray) m/z 284 (MH"*"). 

30 

(c) Title compound 

A solution of amine (b) (570 mg, 2 mmol) and aldehyde (35c) (330 mg, 2 mmol) 
were reacted together according to the general reductive alkylation procedure of Example 
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(35d) affording after chromatography the j&ee base of the title compound as a white soUd 
(690mg,79%). 

iH NMR 5 (CDCI3) 8.92 (IH, bs), 8.70 (IH, m), 8.10 (IH, s), 8.00 (IH, d), 7.42 (IH, d), 
7.30 (IH, d), 6,88 (IH, s), 4.30 (4H, m), 4.00 (2H, s), 2.76 (3H, s), 2.75 (IH, m), 2.50 
5 (IH, m), 2.20-2.10 (4H, m), 1.80-1.45 (4H, m). 
MS (+ve ion electrospray) m/z 433 (MH^. 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.71g). 

10 Example 37 (lR,3S,4RH-[(2,3-Dihydro-[l,4]dioxino[2^-c]pyridin-7-ylmethyl)- 
amino]-3-hydroxy-cyclohexanecarboxylic acid (2-cyano-qumolm-8-yl)-amide 
hydrochloride 



The free base of the title compound was prepared in 40% yield from amine (9j) 
15 and aldehyde (35c) according to the general reductive alkylation procedure of Example 
(In), affording a white solid after chromatography (350 mg). 

1h NMR 5 (d6-DMS0) 9.95 (IH, bs), 8.55 (2H, m), 8.15 (IH, d), 8.05 (IH, s), 7.80 (2H, 
m), 6.98 (IH, s), 4.55 (IH, bs), 4.30 (4H, m), 4.05 (IH, m), 3.80 (IH, d), 3.70 (IH, d), 
3.10 (IH, m), 2.10-1.50 (7H, m). 
20 MS (+ve ion electrospmy) m/z 460 (MH^). 

This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (380 mg). 

Example 38 t-4-[(2,3-Dihydro-[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-amino]-l- 
25 hydroxy-r-Gyclohexanecarboxylic acid (2-cyano-qainolin-8-yl)-amide hydrochloride 
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10 



The free base of the title compound was prepared in 47% yield from amine (10b) 
and aldehyde (35c) according to the general reductive alkylation procedure of Example 
(In), affording a yellow solid after chromatography (420 mg). 
iHNMRS (d6-DMS0) 11.08 (IH, bs), 8.85 (lH,m), 8.75 (IH, d), 8.15 (IH, d), 8.02 
(IH, s), 7.80 (2H, m), 6.95(1H, s) 4.35 (4H, m), 4.05 (IH, m), 3.70 (2H, s). 3.10 (IH, m), 
2.10-1.50 (7H,m). 

MS (+ve ion electrospray) m/z 460 (MIT^. 

This material was converted hito the hydrochloride salt by the method of Example (1) 
affordmg the title compound as a white solid (41 0 mg). 

Example 39 (lR,3R,4R)-4-[(2,3-Dihydro-[l,4]dioxmo[2,3-c]pyridin-7-ylmethyI)- 
aniiiio]-3-methoxy-cyclohexanecarboxylic acid (2-methyI-qamolin-8-yl)-amide 




dihydrochloride ^ 

(a) (lR,3R,4S)-4-Bromo-3-hydroxy-cyclohexanecarboxylic acid methyl ester 

15 A solution of bromolactone (9a) (46.6g, 230 mmol) in methanol (600 ml) was 

treated with sodium bicarbonate (21g, 250 mmol) and stirred for 18 hours. The mixture 
was evaporated and the solid residue extracted with dichloromethane (2 x 500 ml). The 
combined extracts were evaporated to afford an oil (52.4g, 97%). 
MS (+ve ion electrospray) m/z 238 (MH^). 

20 

(b) (lR,3R,4R)-4-Azido-3-hydroxy-cyclohexanecarboxyUc acid methyl ester 

A solution of bromide (a) (52.4g, 221 mmol) m DMF (1 .2 litres) was treated with 
sodium azide (21. 5g, 331 mmol) and heated at 60^C for 8 hours. The nodxture was stirred 
at room temperature overnight and then evaporated. The residue was extracted widi warm 

25 i5o-propanol (2 x 300 ml). Evaporation afforded an oil which was chromatographed on 
silica eluting with a gradient of ethyl acetate in petroleum ether affording an oil (31g) 
which was a 2:1 mixture of desired (lR,3R,4R)-4-azido-3-hydroxy- 
cyclohexanecarboxylic acid methyl ester to (R)-3-oxo-cyclohexanecarboxyUc acid methyl 
ester. Further chromatography on silica eluting with a methanol/dichloromethane gradient 

30 afforded the desired intermediate as an oil (1 8.4g, 42%) 
MS (+ve ion electrospray) m/z 200 (MH+). 
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(c) (lR,3R,4R)--4-Amino-3-hydroxy-cyclohexanecarboxylic acid methyl ester acetate 

A solution of azide (b) (18,4g, 92 mmol) in methanol/acetic acid (360 nil/40 ml) 
was hydrogenated over 10% palladium on charcoal paste (50% w/w with water, 15g) for 
18 hours. The mixture was filtered through keiselguhr, evaporated, and then triturated 
5 with ether to afford a white solid that was isolated by filtration and dried in vacuo (15.6g, 
72%). 

MS (+ve ion electrospray) m/z 174(Mir^. 

(d) (lR3R,4R)-4-tert-Butoxycarbonylaniino-3-hydroxy-cyclohexanecatboxylic acid 
10 methyl ester 

The acetate salt (c) (15.6g, 66 mmol) was suspended in tetrahydrofuran (200 ml) 
and treated with di-tert-butyl carbonate (16g, 73 mmol) and diisopropylethylamine (14 
ml, 10.4g, 80 mmol). The mixture was heated at SO^C for 18 hours then evaporated to 
dryness. The residue was partitioned between water and ethyl acetate. The aqueous phase 
1 5 was further extracted with ethyl acetate and the combined extracts washed with brine, 
dried and evaporated to give a solid (18.5g, 100%). 
MS (+ve ion electrospray) m/z 274 (MH^. 

(e) (lR,3R,4R)-4-tert-Butoxycarbonylamino-3--methoxy-cyclohexanecatboxylic acid 
20 methyl ester 

A mixture of alcohol (d) (6.5g, 24 mmol), silver(I) oxide (16.5g, 72 mmol), 
methyl iodide (4.5 ml) and 3A molecular sieves (lOg) in dichloromethane (100 ml) was 
stirred at room temperature for 1 8 hours. The mixture was filtered and evaporated. The 
residue was chromatographed on silica eluting with 1 :2 ethyl acetate:petrol affording an 
25 oil (5.47g, 80%). 

MS (+ve ion electrospray) m/z 288 (MH+). 

(f) (lR,3R,4R)-4-tert-Butoxycarbonylamino-3-meflioxy-^yclohexanecaiboxyU^ acid 

The ester (e) (5.47g, 19 mmol) and lithium hydroxide monohydrate (0.96g, 23 
30 mmol) in methanol/water (50 ml/50 ml) were stirred at room temperature for 1 8 hours 
then evaporated to dryness. The residue was partitioned between ethyl acetate and water 
(30 ml) containing sodium dihydrogen phosphate (7g). The aqueous phase was further 
extracted with ethyl acetate and the combined extracts washed with brine, dried and 
evaporated to give a solid (5.0g, 96%). 
35 MS (+ve ion electrospray) m/z 274 (MH+). 

(g) ((lR,2R,4R)-4-Carbamoyl-2-methoxy-cyclohexyl)-carbamic acid tert-butyl ester 
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A solution of the acid (f) (5.0g, 18 ininol) and l-hydroxy-7-azabenzotriazole 
(2.73g, 20 mmol) in DMF (200 ml) was treated with (3-dimethylaniino-propyl)-ethyl- 
carbodiimide hydrochloride (3.87& 20 mmol) and ammonium hydrogen carbonate (5.8g, 
73 mmol). The mixture was stirred at room temperature for 18 hours then evaporated to 
5 dryness. The residue was partitioned between ethyl acetate and saturated aqueous sodium 
bicarbonate solutioiuThe organic extract was dried and Gvaporated. Trituration with ether 
and filtration afforded a white solid (3.72g, 75%). 
MS (+ve ion electrospray) m/z 273 (MH^). 

10 (h)[(lR,2R,4R)-2-Methoxy-4<2-methyl-quinolin-8-ylcarb^^ 
acid tert-butyl ester 

This was prepared from triflate (1 8a) (110 mg, 0.37 mmol) and amide (g) (100 
mg, 0.37 mmol) by the same procedure as for Example (18b) affording after 
chromatography a white soUd (1 10 mg, 72%). 
15 MS (+ve ion electrospray) m/z 414 (MH+). 

(i) (lR,3R,4R)-4-Amino-3-methoxy-cyclohexanecarboxylic acid (2-methyl-quinohn-8- 

yl)-amide 

Carbamate (h) (1 10 mg, 0.27 mmol) was dissolved in 
dichloTomethane/triluoroacetic acid (2ml/2ml). After 1 hour the mixture was evaporated 

20 to dryness and the residue triturated with ether. The residue was then redissolved in 1 0% 
methanol in dichloromethane (20 ml) and treated with macroporous triethylammordum 
methylpolystyrene carbonate resin (2.8 mmol/g; 2.7g, Argonaut Technologies). After 1 
hour the mixture was filtered and the resin washed several times alternately with 10% 
methanol in dichloromethane then methanol. The combined filtrate and washings were 

25 evaporated affording a white solid (80 mg, 95%). 
MS (+ve ion electrospray) m/z 314 (MH+). 
(j) Title compound 

The free base of the title compound was prepared in 63% yield from amine (39i) 
and aldehyde (35c) according to the general reductive alkylation procedure of Example 

30 (35d), affording a white solid after chromatogrq)hy (76 mg). 

iHNMR 8 (CDCI3) 9.95 (IH, bs), 8.72 (IH, m), 8.12 (IH, s), 8.02 (IH, d), 7.45 (IH, d), 
7.31 (IH, d), 6.85 (IH, s), 4.30 (4H, m), 3.90 (IH, d), 3.78 (IH, d), 3.40 (3H, s), 3.20 
(IH, m), 2.75 (3H, s), 2.65-2.45 (2H, m), 2.25-2.05 (3H, m), 1.75-1.30 (3H, m). 
MS (4-ve ion electrospray) m/z 463 (MH^). 

35 This material was converted mto the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (85 mg). 
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Example 40 l-Hydroxy-r-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-bl[l,4]thiaziii-6- 

yImethyI)-aiiiino]-i^cyclohexanecarboxylic acid (6-cyaiio-quiiioliii-4-yl)-amide 

o 




dihydrochloride ^ 

(a)4-[(2,2-Dimethyl-4,6-dioxo-[l,3]dioxan-5-ylidenemethyl)-an^ 

A mixture of 4-aminobenzomtrile (12.5 g, 0.106 mol), 2,2-diinethyl-[l,3]dioxane- 
4,6-dione (Meldrum's acid) (18.3 g, 0.127 mol) and triethyl orthoformate (16 ml) in 
ethanol (100 ml) was refluxed for 3 hours. After cooling to room temperature the product 
was filtered, washed with cold ethanol and air dried to afford an ofF-white solid (27.9g, 



10 MS (ES) m/e 273 (M + H)+. 



(b) 4-Oxo-l ,4-dihydro-quinoline-6-carbonitrile 

Benzonitrile (a) (27.5g) was added portionwise over 5 minutes to refluxing 
Dowtherm A (200 ml). After refluxing an additional 5 minutes, the mixture was allowed 
15 to cool to room temperature and diluted with ether (200 ml) with stirring. The product 
was filtered off, washed thoroughly with ether and air dried to provide a gold solid (16.2 
g,94%). 

MS (ES)/w/el71(M + H)+ 

20 (c) 4-Bromo-quinoline-6-carbonitrile 

A solution of quinolinone (b) (12.0g, 70.5 mmol) in DMF (60 ml) was treated 

dropwise with phosphorus tribromide (8.0 ml, 84.6 mmol) over 10 minutes (exothermic). 

After allowing to stir and cool to room temperature, ice water (100 ml) was added and the 

mixture was stirred 30 minutes, then basified to pH8 by dropwise addition of 50% NaOH 
25 with cooling. The resultant solid was filterd off, washed with water and air dried to 

afford a tan solid (14.3g, 87%). 

MS(ES)m/e234(M + H)+ 

(d) [4<6-Cyano-quinolin-4-ylcarbamoyl)-rr4-hydroxy-c-cyclohex>l]-carba^ acid tert 
30 butyl ester 

This was prepared firom bromide (c) (350 mg, 1.5 mmol) and amide (If) (387 mg, 
1 .5 mmol) by the same procedure as for Example (1 1) affording after chromatography a 
white soUd (580 mg, 94%). 
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MS (+ve ion electrospray) m/z 41 1 (MH^). 

(e) M-Amino-l-hydroxy-r-cyclohexanecarboxylic acid (6-cyano-quinolin-4-yl)-aimde 

This was prepared ftom carbamate (d) (580 mg) by TFA deprotection and basic 
5 workup by the same procedure as Example (Im) affording a white solid (280 mg, 64%). 
MS (+ve ion electrospray) m/z 311 (Mff*"). 

(f) Title compound 

A mixture of amine (e) (0.7 mmol) and aldehyde (lj)( 136 mg, 0.7 mmol) in 
10 methanol/DMF/acetic acid (6ml/6 ml/0.6 ml)was stirred at ambient temperature in the 
presence of 3 A molecular sieves. After 2 hours sodium cyanoborohydride (88 mg, 1.4 
mmol) was added and the mixture stirred overnight. The mixture was acidified with a few 
drops of 5M HCl then basified with saturated sodium hydrogen carbonate. The resulting 
precipitate was isolated by filtration and dried in vacuo. This was chromatographed on 
15 silica cluting with a gradient of 0-10% methanol in dichloromethane affording the firee 
base of the title compound as a white solid (160 mg, 47%). 

iHNMR 5 (DMSO) 10.80 (IH, bs), 10.35 (IH, bs), 8.95 (IH, d), 8.70 (IH, d), 8.12 (IH, 
d), 8.10-8.00 (2H, m), 7.75 (IH, d), 7.12 (IH, d), 4.00 (2H, s), 3.55 (2H, s), 2.50 (IH, m), 
2.00-1 .40 (8H,m). 
20 MS (+ve ion electrospray) m/z 489 (MHr*"). 

This material was converted into the dihydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.17g). 

Example 41 t-4-[(2^-Dihydro-[l,4]dioxino[2,3-c]pyridm-7-ylmethyl)-amino]-l- 
25 hydroxy-r-cyclohexanecarboxylic acid (3-methoxy-quiiioxalin-5-yl)-amide 




hydrochloride ^ 

The free base of the title compound was prepared in 65% yield firom amine (34h) 
and aldehyde (35c) according to the general reductive alkylation procedure of Example 
(35d), affording a white solid after chromatography (O.SOg). 
30 iR NMR 5 (CDCI3) 10.80 (IH, bs), 8.48 (IH, s), 8.08 (IH, s), 7.72 (IH, d), 7.53 (IH, t), 
6.78 (IH, s), 4.30 (4H, m), 4.10 (3H, s), 3.85 (2H, s), 2.70 (IH, m), 2.25-1.50 (8H, m). 
MS (+ve ion electrospray) m/z 466 (MH"^). 
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This material was converted into the hydrochloride salt by the method of Example (1) 
affording the title compound as a white solid (0.57g). 

Example 42 r-4-[(2,3-Dihydro[l,4Jdioxino(253-clpyridin-7-ylmethyI)ammol- 
5 hydroxy-iV<3-methyl-5-quinoxaUnyl)-i^cyclohexanecarboxamidedihy^^ 




(a) Title compound 

A mixture of amine (25c) (0.24 mg, 0.75 mmol) and aldehyde (35c) (0.12 mg, 
0.75 mmol) in DMF (7 ml) was treated with sodium triacetoxyborohydride (0.2 Ig, 1 

1 0 mmol). After 1 8 hours the mixture was treated with more sodium triacetoxyborohydride 
(0.3g) and stirred for a further 8 hours. The reaction mixture was diluted to 20 niL with 
water and an equal volume of saturated aqueous sodium bicarbonate solution was added. 
After cooling down to 4°C for 1 hour, the precipitate formed was filtered, washed with 
water and dried in vacuo. The crude product was chromatographed on silica eluting with 

15 2-10% methanol in dichloromefhane aJBFording the free base of the title compound as a 
white solid (160mg, 47.5%). 

iH NMR 8 (CDCI3) 8.80-8.75 (2H, m), 8.1 (IH, s), 7.80-7.70 (2H, m), 6.79 (IH, s), 
4.33-4,24 (4H, m), 3.84 (2H, s), 2.77 (3H, s), 2.65 (IH, m), 2.10 (2H, m), 2.00-1.80 (4H, 
m), 1.65 (2H, m). 
20 MS (+ve ion electrospray) m/z 450 (MH+). 

This material, as a solution in chlorofonn/methanol, was treated with an exc^s of 4M 
HCl in dioxan and evaporated to dryness. The solid was triturated under ether, fQtered 
and dried under vacuum to provide the title compound. 

25 

Biological Activity 

The MIC (fig/ml) of test compounds against various organisms was determined including: 
S- epidermidis CL7, S, aureus WCUH29, S. pneumoniae 1629, S. pyogenes CNIO, H, 
influenzae ATCC 49247, E.faecalis 2, M. catarrhalis Ravasio, E. coll 7623. 
30 Examples 5, 7-22, 25, 26, 31, 32, 34, 37, 38, 40, 41 have an MIC<2^g/ml versus all these 
organisms 

Examples 1, 3, 6, 23, 27, 28, 35, 36, 42 have an MIC<8p.g/ml versus all these organisms 
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Examples 24, 29, 33, 39 have an MIC<2ng/ml versus some of these organisms 
Examples 2, 4, 30 has an MIC <16|ig/ml versus at least one of these organisms 
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Claims 

1 . A compound of formula (I) or a phannaceutically accq)table derivative thereof: 



5 




wherein: 

RV and RW are hydrogen or R^ and RW together are a bond; 

1 0 rA is an optionally substituted bicyclic carbocyclic or heterocyclic ring system of 
structure: 




containing 0-3 heteroatoms in each ring in which: 
at least one of rings (x) and (y) is aromatic; 
15 one of and 7? is C or N and the other is C; 

Z3 is N, NR13, O, S(0)x, CO, CRI or CRIrI*; 

and Z^ are independently a 2 or 3 atom linker group each atom of which is 
independently selected from N, NR13, O, S(0)x, CO, CRI and CRIrI^; 
such that each ring is independently substituted with 0-3 groups r1 and/or R^^; 

20 

r1 and R^^ are independently selected from hydrogen; hydroxy; (Ci^g) alkoxy optionally 
substituted by (Ci.6)alkoxy, amino, piperidyl, guanidino or amidino any of which is 
optionally N-substituted by one or two (Ci.6)alkyl, acyl or (Ci-6)alkylsulphonyl groups, 
C0NH2, hydroxy, (Ci.6)alkylthio, heterocyclylthio, heterocyclyloxy, arylthio, aryloxy, 

25 acylthio, acyloxy or (Ci.6)alkylsulphonyloxjr, (Ci.6)alkoxy-substituted (Ci-6)alkyl; 
hydroxy (Ci.6)alkyl; halogen; (Ci.6)alkyl; (Ci.6)alkylthio; trifluromethyl; 
trifluoromethoxy; cyano; carboxy; nitro; azido; acyl; acyloxy; acylthio; (Ci- 
6)alkylsulphonyl; (Ci.6)alkylsulphoxide; arylsulphonyl; arylsulphoxide or an amino, 
piperidyl, guanidino or amidino group optionally N-substituted by one or two (Ci-6)alkyl, 

30 acyl or (Ci_6)alkylsulphonyl groups, or when 7? and the adjacent atom are CRI and 
CRI^ R1 and r1^ may together represent (Ci-2)alkylenedioxy, 
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provided that r1 and on the same carbon atom are not both optionally substituted 
hydroxy or amino; 
provided that 

(i) when R^^ is optionally substituted quinolin-4-yl: 
5 it is unsubstituted in the 6-position; or 

it is substituted by at least one hydroxy (Ci.6)alkyl, cyano or carboxy group at the 
2-, 5-, 6-, 7- or 8-position; or 

it is substituted by at least one trifluoromethoxy group; or 
r3 is halogen; 

10 (ii) when R^^ is optionally substituted quinazolin-4-yl, cinnolin-4-yl, l,5-naphthyridin-4- 
yl, l,7-naphthyridin-4-yl or l,8-naphthyridin-4-yl: 

it is substituted by at least one hydroxy (Ci.6)alkyl, cyano or carboxy group at the 

2- , 5-, 6-, 7- or 8-position as available; or 

it is substituted by at least one trifluoromethoxy group; or 
15 R3 is halogen; 

r2 is hydrogen, or (Ci4)alkyl or (C2^)alkenyl optionally substituted with 1 to 3 groiq)s 
selected fiom: 

anoino optionally substituted by one or two (Ci-4)alkyl groups; carboxy; (Ci- 
20 4)alkoxycarbonyl; (Ci_4)alkylcarbonyl; (C2^)alkenyloxycarbonyl; (C2- 

4)alkenylcarbonyl; aminocarbonyl wherein the amino group is optionally substituted by 
hydroxy, (Ci.4)alkyl, hydroxy(Ci.4)alkyl, aminocarbonyl(Ci.4)alkyl, (C2-4)alkenyl, 
(Ci.4)alkylsulphonyl, trifluoromethylsulphonyl, (C2-4)alkenylsulphonyl, (Ci. 
4)alkoxycarbonyl, (Ci.4)alkylcarbonyl, (C2.4)alkenyloxycarbonyl or (C2- 
25 4)alkenylcarbonyl; cyano; tetrazolyl; 2-oxo-oxazolidinyl optionally substituted by R^O; 3- 
hydroxy-3-cyclobutene4,2-dione-4-yl; 2,4-thiazolidinedione-5-yl; tetrazol-5- 
ylaminocarbonyl; l,2,4-triazol-5-yl optionally substituted by rIO; 5-oxo-l,2,4-oxadiazol- 

3- yl; halogen; (Ci^)alkylthio; trifluoromethyl; hydroxy optionally substituted by (Ci. 
4)alkyl, (C2^)alkenyl, (Ci^)alkoxycarbonyl, (CM)alkylcaibonyl, (C2- 

30 4)alkenyloxycarbonyl, (C2^)alkenylcarbonyl; 0x0; (Ci.4)alkylsulphonyl; (C2. 

4)alkenylsulphonyl; or (Ci.4)aminosulphonyl wherein the amino group is optionally 
substituted by (Ci^)alkyl or (C2-4)alkenyl; 

r3 is hydrogen; or 

35 when R^ and R^ are a bond, r3 is in the 2-, 3- or 4- position and when RV and RW are 
not a bond, R^ is in the 2-, 3- or 4-position and r3 is: 
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carboxy, (Ci_6)alkoxycarbonyl; aminocarbonyl wherein the amino group is optionally 
substituted by hydroxy, (Ci^5)alkyl, hydioxy(Ci.6)aIkyl, aininocart>onyl(Ci_6)alkyl, (C2. 
6)alkenyl, (Ci.6)allQ'lsulphonyI, trifluoiomethylsulphonyl, (C2-6)aUfenylsulphonyl, (Ci. 
6)alkoxycaibonyi, (Ci.6)alkylcaibonyl, (C2.6)alkenyloxycaibonyl or (C2. 
5 6)alkenylcaibonyl and optionally further substituted by (Ci.6)alkyl, hydroxy(Ci^)alkyl, 
aminocaibonyl(Ci.6)alkyl or (C2-6)alkenyl; cyano; tetrazolyl; 2-oxo-oxazolidinjd 
optionally substituted by R^^; 3-hydroxy-3-cyclobutene-l,2-dione4-yU 2,4- 
thiazolidinedione-5-yl; tetrazol-5-ylaminocarbonyl; l,2,4-triazol-5-yl optionally 
substituted by R^^; or 5-oxo-l,2,4-oxadiazol-3-yl; or 

10 

(Ci.4)alkyl or ethenyl optionally substituted with any of the groups listed above for r3 
and/or 0 to 2 groups independently selected from: 

halogen; (Ci_6)alkyllluo; trifluoromethyl; (Ci.6)alkoxycarbonyl; (Ci_ 
6)alkylcarbonyl; (C2-6)alkenyloxycaibonyl; (C2-6)alkenylcarbonyi; hydroxy optionally 
15 substituted by (Ci.6)alkyl, (C2.6)alkenyl, (Ci.6)alkoxycarbonyl, (Ci.6)alkylcarbonyl, 
(C2-6)aUcenyloxycaibonyl, (C2-6)all!:enylcarbonyl or aminocaibonyl wherein the amino 
group is optionally substituted by (Ci^)alkyl, (C2-6)alkenyl, (Ci^)alkylcarbonyl or (C2- 

5) alken3dcaibonyl; amino optionally mono- ordisubstitutedby (Ci^)alkoxycarbonyl, 
(Ci.6)a]kylcarbonyl, (C2-6)alkenyloxycaibonyl, (C2-6)alkaiylcaibonyl, (Ci.6)alkyl, 

20 (C2-6)alkenyl, (Ci.6)alkyIsulphonyl, (C2-6)alkenylsulphonyl or aminocaibonyl wherein 
the ammo group is optionally substituted by (Ci_6)alkyl or (C2.6)alkenyl; aminocarbonyl 
wherein the amino group is optionally substituted by (Ci_6)alkyl, hydroxy(Ci_6)aIkyl, 
aminocarbonyl(Ci.6)alkyl, (C2.6)alkenyl, (Ci.6)alkoxycarbonyl, (Ci.6)alkylcaTbonyl, 
(C2_6)alkenyloxycarbonyl or (C2.6)aIkenylcarbonyl and optionally further substituted-by 

25 (Ci.6)alkyl, hydroxy(Ci.6)alkyl, aminocarbonyl(Ci.6)alkyl or (C2.6)alkenyl; 0x0; (Ci. 

6) alkylsulphonyl; (C2-6)alkenylsulphonyl; or (Ci.6)aminosulphonyl wherein the amino 
group is optionally substituted by (Ci.6)alkyl or (C2-6)alkenyl; or 

hydroxy optionally substituted by (Ci.6)alkj4, (C2.6)alkenyl, (Ci^)alkoxycarbonyl, (Ci_ 
30 6)alkyicarbon3l, (C2-6)alkenyloxycarbonyl, (C2-6)alkenylcarbonyl or aminocaibonyl 
wherdn the amino group is optionally substituted by (Ci-6)alkyl, (C2.6)alkenyl, (Cj. 
6)a]kylcaibonyl or (C2^)alkenylcarbonyl; or 

amino optionally mono- or disubstituted by (Ci.6)alkoxycarbonyl, (Ci.6)alkylcarbonyl, 
35 (C2-6)alkenyloxycarbonyI, (C2-6)alkenylcarbonyl, (Ci_6)alkyl, (C2-6)alkenyl, (Ci. 

6)alkylsulphonyl, (C2.6)alkenyIsuIphonyl or aminocarbonyl wherein the amino group is 
optionally substituted by (Ci.6)alkyl or (C2-6)alkenyl; or 
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halogen; 



provided that whm R3 is in the 4- position it is not optionally substituted hydroxyl or 



5 amino or halogen; 

in addition when is disubstituted with a hydroxy or amino containing substituent and a 
carboxy containing substituent these may optionally together forai a cyclic ester or amide 
linkage, respectiveljr, 

10 

rIO is selected from (Ci-4)alkyl and (C2-4)alkenyl either of which may be optionally 
substituted by a group R^^ as defined above; carboxy; aminocarbonyl wherein the amino 
group is optionally substituted by hydroxy, (Ci-6)alkyl, (C2-6)alkenyl, (Ci. 
6)alkylsulphonyl, trifluoromethylsulphonyl, (C2.6)alkenylsulphonyl, (Cj. 
15 6)alkoxycarbonyl, (Ci.6)alkylcarbonyl, (C2.6)alkenyloxycarbonyl or (C2. 

6)alkenylcarbonyl and optionally further substituted by (Ci.6)alkyl or (C2-6)alkenyl; 
(Ci.6)alkylsulphonyl; trifluorometihylsulphonyl; (C2.6)^®Jiylsulphonyl; (Ci. 
6)alkoxycarbonyl; (Ci«6)alkylcarbonyl; (C2.6)alkenyloxycarbonyl; and (C2. 
6)alkenylcarbonyl; 



r4 is a group -CH2-R^ l in which R^ j is selected from: 

(C4.8)alkyl; hydroxy(C4.8)alkyl; (CM)alkoxy(C4.8)alkyl; (Ci. 
4)alkanoyloxy(C4.8)alkyl; (C3.8)cycloalkyl(C4.8)alicyI; hydroxy-, (Ci.6)alkoxy- or (Ci. 
6)alkanoyloxy-(C3.8)cycloalkyl(C4.8)alkyl; cyano(C4.8)alkyl; (C4.8)alkenyl; (C4, 
25 8)aUiynyl; tetrahydrofuryl; mono- or di-( Ci .6)alkylamino(C4.8)alkyl; acylamino(C4. 
8)alkyl; (Ci.6)alkyl- or acyl-aminocarbonyl(C4.8)aIkyl; mono- or di- (Ci, 
6)alkylamino(hydroxy) (C4.8)alkyl; or 

r4 is a group -U-R52 where r52 is an optionally substituted bicyclic carbocyclic or 
30 heterocyclic ring system (A): 



20 



^ (A) 
containing up to four heteroatoms in each ring in which 
at least one of rings (a) and (b) is aromatic; 

Xl is C or N when part of an aromatic ring or CR^^ when part of a non aromatic 




35 ring; 
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X2 is N, NR13, O, S(0)x, CO or CR^^ when part of an aromatic or non-aromatic 
ring or may in addition be CR1%1^ when part of a non aromatic ring; 
X3 and are independently N or C; 

yl is a 0 to 4 atom linker group each atom of which is independently selected 
5 from N, NR13^ o, S(0)x, CO and CRI^ when part of an aromatic or non-aromatic ring or 

may additionally be CR^^RI ^ when part of a non aromatic ring, 

y2 is a 2 to 6 atom linker gronp, each atom of being independently selected 

from N, NR13, O, S(0)x, CO and CR14 when part of an aromatic or non-aromatic ring or 

may additionally be CRI^rI ^ when part of a non aromatic ring; 
10 each of R^^ and R^^ is mdependently selected from: H; (Ci^)alkylthio; halo; 

carboxy(Ci.4)alkyl; halo(Ci.4)alkoxy; halo(Ci.4)alkyl; (Ci.4)alkyl; (C2.4)alkenyl; (Ci. 

4)alkoxycarbonyl; formyl; (Ci-4)alkylcarbonyl; (C2-4)alkenyloxycarbonyl; (C2- 

4)alkenylcarbonyl; (Ci.4)alkylcarbonyloxy; (Ci_4)alkoxycarbonyl(Ci-4)alkyl; hydroxy; 

hydroxy(Ci.4)alkyl; mercapto(Ci^)alkyl; (Ci.4)alkoxy; nitro; cyano; carboxy; amino or 
15 aminocarbonyl optionally substituted as for corresponding substituents in R^; (Ci- 

4)alkylsulphonyl; (C2-4)alkenylsulphonyl; or aminosulphonyl wherein the amino group is 

optionally substituted by (Ci.4)alkyl or (C2^)alkenyl; aryl; aryl(Ci^)alkyl; aryl(Ci. 

4)alkoxy; 

each r13 is indq)endently H; trifluoromethyl; (Ci^)alkyl optionally substituted 
20 by hydroxy, carboxy, (Ci.6)alkoxycarbonyl, (Ci^)alkoxy, (Ci.6)alkylthio, halo or 

trifluoromethyl; (C2.4)alkenyl; aryl; aiyl (Ci.4)alkyl; arylcarbonyl; heteroarylcarbonyl; 

(CM)alkoxycaibonyl; (Ci.4)alkylcarbonyl; formyl; (Ci.6)alkylsulphonyl; or 

aminocarbonyl wherein the amino group is optionally substituted by (Cj. 

4)alkoxycarbonyl, (Ci.4)alkylcarbonyl, (C2-4)alkenyloxycarbonyl, (C2. 
25 4)alkenylcarbonyl, (Ci.4)alkyl or (C2.4)alkenyl and optionally further substituted by (Ci. 

4)alkyl or (C2-4)alkenyl; 

each x is independently 0, 1 or 2; 

UisC0,S02 orCH2;or 

30 r4 is a group -Xl a.x2a.x3a.x4a in which: 
Xlais CH2, COorS02; 
x2aisCRl4aRl5a; 

X3a is NRl3a o, S, 862 or CRl^aRlSa; wherein: 

each of Rl4a and R^^a is independently selected from the groups listed above for 
35 r14 and r1 5, provided that K^^^ and R^ ^a on the same carbon atom are not both 
selected from optionally substituted hydroxy and optionally substituted amino; or 
Rl4a and r1 5a together represent 0x0; 
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Rl3ais hydrogen; trifluoromethyl; (Ci.6)alkyl; (C2-6)alkenyl; (Ci. 
6)alkoxycarbonyl; (Ci.6)al]cylearbonyl; or aminocarbonyl wherein the amino group is 
optionally substituted by (Ci.6)alkoxycarbonyl, (Ci^)alkylcarbonyl, (C2. 
6)alkenyloxycarbonyI, (C2-6)alkenylcarbonyl, (Ci^alkyl or (C2-6)alkenyi and 
5 optionally further substituted by (Ci^)alkyl or (C2.6)alkenyl; or 

two R^^* groups or an R^^^ and an R^^^ group on adjacent atoms together 
repiesOTit abond and the remaining R^^a Rl4a andR^^a groups are as above defined; or 

two rI'*^ groups and two R^^* groups on adjacent atoms together represent 
bonds such that X^a and X^a is triple bonded; 
10 X'*a is phenyl or C or N linked monocyclic aromatic 5- or 6-membered 

heterocycle containing up to four heteroatoms selected firom O, S and N and: optionally 
C-substituted by up to three groups selected fi-om (Ci.4)alkylthio; halo; carboxy(Ci. 
4)alkyl; halo(Ci^)alkoxy; halo(Ci.4)alkyl; (Ci^)alkyl; (C2^)alkenyl; (Ci. 
4)alkoxycarbonyl; fonnyl; (CM)alkyicarbonyl; (C2^)alkenyloxycaibonyl; (C2. 
15 4)alkenylcaibonyl; (Ci.4)aIk>icaibonylox)r, (CM)alkoxycaibonyl(Ci^)alkyl; hydroxy; 
hydtoxy(Ci^)aIk>4; merMq>to(Ci^)allQrl; (Ci^)alkoxy; nitro; cyano; caiboxy; amino or 
aminocarbonyl optionally substituted as for corresponding substituents in R^; (Ci_ 

4) alkylsulphonyl; (C2.4)alkenylsulphonyl; or aminosulphonyl wherein the amino group is 
optionally substituted by (Ci^)alkyl or (C2^)alkenyl; arjd, aiyl(Ci^)alkyl or aiyl(Ci. . 

20 4)alkoxy; and 

optionally N substituted by trifluoromethyl; (Ci_4)alkyl optionally substituted by 
hydroxy, (Ci.6)alkoxy, (Ci_6)alkylthio, halo or trifluoromethyl; (C2^)alkenyl; aryl; 
aryl(Ci_4)aIkyl; (Ci.4)alkoxycarbonyl; (Ci^)alkylcarbonyl; fonnyl; (Ci. 

5) alkylsulphonyl; or aminocarbonyl wherein ttie amino group is optionally substituted by 
25 (Ci^)alkoxycaibonyl, (Ci.4)alkylcarbonyl, (C2-4)alkenyloxycaibonyl, (C2- 

4)alkenylcarbonyl, (Ci^)a]kyl or (C2.4)alkenyl and optionally fiirther substituted by (Ci. 
4)a]kji or (C2-4)alkenyl; 

n is 0 or 1 and AB is NRHCO, CONRH, C0-CR8r9. cr6r7-CO, 0-CR8r9, Cr6r7- 
30 O , NHRl 1-CR8r9, CR6r7- NHRI 1. NRI ISO2, CR6r7.S02 or CR6r7-cr8r9, 
provided that when RV and RW are a bond and n=0, B is not NR^ 1 , 0 or SO2, 
or n is 0 and AB is NH-CO-NH or NH-CO-0 and RV/RW are not a bond; 
or n is 0 and AB is CR6r7s02NR2 CR6r7cONR2 or CR6r7cH2NR2 and RV/RW are 
not a bond; 

35 provided that R^ and R^, and R^ and R^ are not both optionally substituted hydroxy or 
amino; 

and wherein: . 
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each of r6, r7 , r8 and R9 is independently selected from: H; (Ci.6)alkoxy; (Ci. 
6)alkylthio; halo; trifluoromethyl; azido; (Ci.6)alkyl; (C2.6)alkenyl; (Ci. 
6)alkoxycarbonyl; (Ci.6)alkylcarbonyI; (C2.6)alkenyloxycarbonyl; (C2. 

5) alkenylcarbonyl; hydroxy, amino or aminocarbonyl optionally substituted as for 

5 corresponding substituents in r3; (Ci^)aIkylsulphonyl; (C2-6)alkenylsulphonyl; or (Ci- 

6) aminosulphonyl wherein the amino group is optionally substituted by (Ci«6)alkyl or 
(C2^)alkenyl; 

or r6 and R^ together represent a bond and r7 and R^ are as above deiSned; 

10 and each r1 1 is independently H; trifluoromethyl; (Ci.6)alkyl; (C2-6)alkenyl; (Ci. 
6)alkoxycarbonyl; (Ci.6)alkylcarbonyl; or aminocarbonyl wherein the amino group is 
optionally substituted by (Ci.6)alkoxycarbonyl, (Ci.6)alkylcarbonyl, (C2. 
6)alkenyloxycarbonyl, (C2-6)alkenylcarbonyl, (Ci.6)alkyl or (C2-6)alkenyl and 
optionally further substituted by (Ci.6)alkyl or (C2.6)alkenyl; 

15 

or where one of r3 and R^, R'^, r8 or R^ contains a carboxy group and Ihe other contains 
a hydroxy or amino group they may together form a cyclic ester or amide linkage or 
where R^ contains a carboxy group and A or B is NH they may be condensed to form a 
cyclic amide. 

20 

2. A compound according to claim 1 wherein R^ is optionally substituted 
isoquinoUn-5-yl, quinolm-8-yl, thieno[3,2-b]pyridin-7-yl, 2,3-dihydro-[l,4]dioxino[2,3- 
b]pyridin-8-yl, quinoxaUn-5-yl, isoquinolin-8-yl, [l,6]-'naphthyridin-4-yl, 1,2,3,4- 
tetrahydroquinoxalin-5-yl or l,2-dihydroisoquinoline-8-yl. 

25 

3. A compound according to any preceding claim wherein r1 is hydrogen, methoxy, 
methyl, cyano or halogen and R^^ is H, 

4. A compound according to any preceding claim wherein r2 is hydrogen. 

30 

5. A compound according to any preceding claim wherein r3 is hydrogen, fluoro or 
hydroxy substituted in the 1-or 3-position. 

6. A compound according to any preceding claim wherein n is 0 and either A and B 
35 are both CH2, A is CHOH or CH2 and B is CH2 or A is NH and B is CO. 
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7. A compound according to any preceding claim wherein is A]-R^2> group - 
U- is -CH2- and R^2 is an aromatic heterocyclic ring (A) having 8-11 ring atoms 
including 2-4 heteroatoms of which at least one is N or NR13 in which y2 contains 2-3 
heteroatoms, one of which is S and 1-2 are N, with one N bonded to X^, or the 
5 heterocychc ring (A) has ring (a) aromatic selected from optionally substituted benzo and 
pyrido and ring (b) non-aromatic and y2 has 3-5 atoms including a heteroatom bonded to 
X5 selected from O, S or NR13, where r13 is other than hydrogen, and NHCO bonded 
viaNtoX3, or O bonded to X3. 

10 8. A compound according to any of claims 1 to 6 wherein R^2 selected from:3- 
oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]oxa2in-6-yl 

3- oxo-3,4-dihydro-2i7-pyrido[3,2-6][l,4]thiazin-6-yl 
7-chloro-3-oxo~3,4-dihydro-2^r-pyrido[3,2-6][l,4]thiazin-6-yl 
7-fluoro-3-oxo-3,4-dihydro-2^f-pyrido[3,2-&][l,4]thia2in-6-yl 

15 2,3-dihydro-[l ,4]dioxino[2,3-c]pyridin-7-yL 

9. A compound selected from: 

l-Hydroxy-f-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thiazin-6-yh^ 

cyclohexanecarboxylic acid thieno[3,2-b]pyridin-7-ylamide 
20 l-Hydroxy-r-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]tWazin-6-ylmethyl)-a^ 

cyclohexanecarboxylic acid (2,3-dihydro-[l,4]dioxino[2,3-b]pyridin-8-yl)-amide 

trans-4-[(3-Oxo-3Adihydro-2H-pyrido[3,2-b][l,4]thiazin-6-y]methyl)-amm 

cyclohexanecarboxylic acid quinolin-4-ylamide 

trans-4-[(3-Oxo-3,4-dihydro-2H-benzo[l,4]thiazin-6-yknethyl)-amino]- 
25 cyclohexanecarboxylic acid isoquinohn-5-ylamide 

l-Hydroxy-M-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thiaziD-6-yhnethyl)-aimn^^ 

cyclohexanecarboxylic acid (2-methoxy-qumolin-8-yl)-amide 

4- [(3,4-Dihydro-2H-pyrido[3,2-b][l,4]thiazin-6-yhnethyl)-anM 
cyclohexanecarboxylic acid (2-metiioxy-quinolin-8-yl)-amide 

30 6-({4-Hydroxy-4-[2-(2-methoxy-quinolin-8-yl)-ethyl]-cyclohexylamino}-methyl)-4H- 
pyrido[3,2-b3[l ,4]oxazin-3-one 

6-({4-Hydroxy-4-[2-(2-methoxy-quinolin-8-yl)-ethyl]-cyclohexylanMno}-methyl)-4H^ 
pyrido[3,2-b][l ,4]thiazin-3-one 

(lR3S,4R)-3-Hydroxy-44(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]oxazin-6-ylmeth^^ 
35 amino]-cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide l-Hydroxy-r-4-[(3- 
oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thiazin-6-yhnethyl)-amino]-r- 
cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide l-Hydroxy-r-4-[(3-oxo-3,4- 



-106- 



wo 2004/002992 



PCT/EP2003/0067S6 



dihydro-2H-pyrido[3,2-b][l ,4]oxazin-6-ylmethyl)-amino]-r^ acid 
(2-cyano-qmnoUn-8-yl)-amide(lS,3R,4S)-3-Hydroxy44(3-oxo-3,4-da^^ 
pyrido[3,2-b][l,4]thiazin-6-ylmethyl)-amino]-cyclohexanecarboxyl^^ acid (2-cyano- 
quinolin-8-yl)-amide 
5 (lS,3R,4S>3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H-pyrido[3>b][l,4]o 
ainino]"Cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-ainide 
(lR,3R,4R).3-Hydioxy-4-[(3-oxo-3^dihydro-2H.pyrido[3>b][l,^^ 
amino]-cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide 
(lR,3R,4R)-3-Hydroxy-4-[(3-oxo-3Adihydro-2H-pyrido[3,2-b][l,4]1hi 
10 amino]-cyclohexanecarboxylic acid (2-cyano-qmnolin-8-yl)-amide 

(lR,3S,4R)-3-Hydroxy-4-[(3-oxo-3,4-dihydro-2H -pyrido[3,2-b][l,4]thiazin-6-ylmethyl)- 
ainino]-cyclohexanecarboxylic acid (2-cyano-quinoliii-8-yl)-aniide l-Hydroxy-r-4-[(3- 
oxo-3Adihydro-2H-pyrido[3,2-b][l,4]oxazin-6-ylmethyl^ 

cyclohexanecarboxylic acid(2-methoxy-quinolin-8-yl)-amidel-Hydroxy-/-4-[(3-oxo-3,4- 
15 dihydro-2H-pyrido[3,2-b][l,4]oxazin-6-ylmethyl)-aiiiino]-r<ycto^ 
(2-melJiyi-quinolin-8-yl)-amide 

l-Hydroxy-M-[(3-K>xo-3,4-dihydro-2H-pyrido[3,2-b][l,4]11uazin-6-yta^ 
cyclohexanecarboxylic acid (2-methyl-quinoliii-8-yl)-amide 
(lR,3R,4R)-3-Hydroxy4-[(3-oxo-3,4-dihydro-2H"pyrido[3>b][l,4]M 
20 amino]-cyclohexanecarboxylic acid (2-methoxy-qmnolin-8-yl)-amide 
7-({r^-Hydroxy-4-[2-(2-methoxy-quinolia-8-yl)-ethyl]-c-cyGlohexy 
pyrido[2,3-b][l ,4]thiazin-2-one 

1 -Hydroxy-t-4-[(2-oxo-2,3-dihydro- lH-pyrido[3,4-b] [ 1 ,4] oxa2in-7-ylmethyl)-amino]-r- 
cyclohexanecarboxylic acid (2-methyl-quinolin-8-yl)'amide 

25 t-4-[(7-nuoro-3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thia2in-6-yto^ 
hydroxy-r-cyclohexanecarboxylic add (2-methoxy-qiiinolin-8-yl)-ainide 
t^-[(7-CMoroO-oxoO,4-dihydro-2H-pyrido[3,2-b][l,4]thiazin-6-ylme%^ 
hydroxy-r-cyclohexanecarboxylic acid (2-methoxy-^uinolin-8-yl)-amide 
l-Hydroxy-M-[(3-oxoO,4-dihydro-2H-pyrido[3,2-b][l,4]tUazin-6-yto^ 

30 cyclohexanecarboxylic acid (3-methyl-qiiinoxalin-5-yl)-amide 

l-Hydroxy-^4-[(3-oxo-3,4-dihyd^o-2H-pyrido[3,2-b][l,4]tMazin-6-ylme%0^ 
cyclohexanecarboxylic acid (2-methyH-oxo-l,2-dihydro-isoquinolin-8-yl)-amide 
l-Hydroxy-^4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]thiazin-6-yhne%l>amm^ 
cyclohexanecarboxylic acid (l-methoxy-isoquinolin-8-yl)-amide 

35 1 -Hydroxy-/-4-[(3 -oxo-3,4-dihydro-2H-pyrido[3,2-b] [ 1 ,4] thiazin-6-ylmethyl)-amino]-r- 
cyclohexanecarboxylic acid (5-inethoxy-quinolin-4-yl)-aniide 
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l-Hydroxy4-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][U4]oxazm-6-y 
cyclohexanecarboxylic acid [l,6]naphthyridin-4-yIainide 
l-Hyd^oxy-^4-[(3-oxo-3,4-dihyd^o-2H-pyrido[3,2-b][l,4]tMazin-6-y^^ 
cyclohexanecarboxylic acid (2-me1hyl-qiiinoxalin-5-yl)-atnide 
5 (lR,3S,4R)-3-Fluoro-4-[(3-oxo-3,4-dihydro-2H-pyrido[3>b]][l,4]o 

amino]-cyclohexanecaiboxyIic acid (6-metiioxy-[l,5]naphtliyridin-4-yl)-amide 
(lR3S,4R)-3-Fluoro-4-[(7-fluoro-3-oxo-3,4-dihydro-2H-pyrido[3 
ylmethyl)-ainino]-cyclohexanecarboxylic acid (6-methoxy-[l,5]naphthyridin-4-yl)-amide 
l-Hydroxy-t-4-[(3-oxo-3,4-dihydro-2H-pyrido[3,2-b][l,4]oxazin-6-ylm^ 

10 cyclohexanecaiboxylic acid (3-metliyl4,2,3,4-tetrahydro-quinoxalin-5-yl)-amide 1- 
Hydroxy-^4-[(3-oxo-3,4-dihydro-2Hpyrido[3,2-b][l,4]thiazi^-6-ylm^ 
cyclohexanecarboxylic acid (3-methoxy-quinoxalin-5-yl)-amide t-4-[(2,3-Dihydro- 
[l,4]dioxino[2,3-c]pyridin-7-ybnethyI)-amino]-l-hydroxy-c-cyclohexanecarbox acid 
(2-methyl-quinolin-8-yl)-amide t-4-[(2,3-Dihydro-[l ,4]dioxino[2,3-c]pyridin-7-ylmethyl)- 

15 aminoj-cyclohexanecarboxylic acid (2-inethyl-quinolin-8-yl>atnide (lR,3S,4R)-4-[(2,3- 
Dihydro-[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-amino]-3-hydroxy- 
cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-amide 
t-4-[(2,3-Dihydio-[l,4]dioxino[2,3-c]pyridin-7-ylmethyl)-^ 
cyclohexanecarboxylic acid (2-cyano-quinolin-8-yl)-ainide 

20 (lR,3R,4R)-4-[(2,3-Dihydro-[l,4]dioxino[2,3-c]pyridin-7-yhnethy^ 

cyclohexanecarboxylic acid (2-niethyl-quinolin-8-yl)-amide l-Hydroxy-/-4-[(3-oxo-3,4- 
dihydro-2H-pyrido[3 ,2-b] [ 1 ,4]thiazin-6-yknethyl)-aniino]-r-cyclohexanecarboxylic acid 
(6-cyano-quinolin-4-yl)-amidet-4-[(2,3-Dihydro-[l,4]dioxino[23-c]pyridin-^ 
amino]- 1-hydroxy-r-cyclohexanecarboxylic acid (3-methoxy-quinoxalin-5-yl)-amide t-A- 

25 [(2,3-Dihydro[l ,4]dioxino[2,3-c]pyridin-7-yhnethyl)amino]- l-hydroxy-iV-(3-methyl-5- 
quinoxalinyl)-r-cyclohexanecarboxamide 
or a pharmaceutically acceptable derivative thereoC 

10. A method of treatment of bacterial infections in mammals, particularly in man, 
30 which method comprises the administration to a mammal in need of such treatment an 

effective amount of a compound according to claim 1 . 

1 1 . The use of a compound according to claim 1 , in the manufacture of a 
medicament for use in the treatment of bacterial infections in mammals, 

35 

12. A pharmaceutical composition comprising a compound according to claim 1, and 
a pharmaceutically acceptable carrier. 
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10 



15 



20 



25 



13. A process for preparing a compound according to claim 1 , which process 
comprises reacting a compound of formula (IV) with a compound of formula (V): 



wherein n is as defined in formula (T); Zl', 7?, z3'r1' and r3' are Zl, Z2 7?, r1 and r3 
as defined in formula (I) or groups convrartible thereto; Z^, Z^, RV and RW are as defined 
in formula (T); 

q1 is NR2'r4' or a group convertible thereto wherein R^' and R^' are r2 and r4 as 
defined m formula (I) or groups convertible thereto and is H or R^' or q1 and Q2 
together form an optionally protected oxo group; 
and X and Y may be the following combinations: 

(i) one of X and Y is C02Ry and the other is CH2C02R'^; 

(ii) X is CHR6r7 and Y is C(=0)R9; 

(iii) X is CR7=PRZ3 and Y is C(=0)r9; 

(iv) X is C(=0)R7 and Y is CR9=prZ3; 

(v) one of Y and X is COW and the other is NHRI 1', NCO or NRl I'COW; 

(vi) X is NHRI 1' and Y is C(=0)R8 or X is C(=0)R6 and Y is NHRI I'i 

(vii) XisNHRll'andYisCR8R9w; 

(viii) XisWorOHandYisCHaOH; 

(ix) X is NHRl 1' and Y is SO2W; 

(x) one of X and Y is (CH2)p-W and the other is (CH2)qNHRl 1', (CH2)qOH, 
(CH2)qSH or (CH2)qSC0RX where p+q=l; 

(xi) oneofXandYisOHandtheotheris-CH=N2; 

(xii) X is NCO and Y is OH or NH2; 

(xiii) X is CR6r7S02W, A'COW, CR6=CH2 or oxirane and Y is NHR2'; 

(xiv) Xis W and Y is CONHRI 1 or OCONH2 

(xv) X is W and Y is -OCH followed by hydiogenation of the intomediate -CeC- 
group; 

in which W is a leaving group, e.g. halo, methanesulphonyloxy, 
trifluoromethanesulphonyloxy or imidazolyl; R^ and RY are (Ci-6)alkyl; R^ is aryl or 
(Ci-6)alkyl; A' and NrI 1' are A and NR^ 1 as defined in formula (T), or groups 
convertible thereto; and oxirane is: 




X 



(IV) 



(V) 
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wherein r6, r8 and are as defined in formula (I); 

and thereafter optionally or as necessary cx)nverting q1 and to Nr2*r4'; converting A\ 
ZK Z2\ Z3', Rl', r2', r3; r4» and NRI 1' to A, zl, Z2 z\ rK r2 r3, r4 and NRI 1'; 
5 converting A-B to other A-B, interconverting RV RW, r1, r2^ r3 and/or R^ and/or 
forming a phannaceutically acceptable derivative thereof. 

14. A compound of formula (VT): 

AB(CH2)„ 



r 



(X) f (y) 




2 



10 wheiein the variables aie as described for formula (1). 
15. A compound of formula (VSi): 



AB(CH2)„ 

■Zi 

(y) 



(.Ml 




^2 



wherein the variables are as described for formula CO- 
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